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THERE are several problems exercising the minds of those who are interested 

in the prevention and treatment of cancer on which some light might be thrown 
by careful study of the trend of death rates at different age groups during the 
last thirty years in a country where diagnostic facilities, accuracy of medical 
certification and methods of statistical presentation of the figures derived from 
it have remained fairly constant. Whilst it cannot be denied that medical certi- 
fication of cancer of internal organs as cause of death is often difficult and subject 
to considerable errors, many of these errors have little effect upon the trends of 
death rates in time, provided that the conditions mentioned above are fulfilled 
and that large numbers are being dealt with. For cancer of the breast, uterus, 
rectum and stomach the Registrar-General’s figures for England and Wales 
since 1921, suitably corrected for modifications in the technique of selecting the 
cause to be tabulated when more than one cause is entered on a certificate, may 
be used with some confidence to study changes in the rates at which people die. 
For cancer of the bronchus and lung also the rates can, and indeed must, be studied, 
but with important reservations as to changes in the completeness of recognition 
of the disease. 

Between 1921 and 1939 the only change affecting statistical presentation of 
mortality from these varieties of cancer was the introduction of a new form of 
death certificate in 1927, but since the certifier was asked to continue to mention 
in the space provided on the new form any disease which contributed to the fatal 
issue, though not related to the main cause of death, and since no change was 
made in the precedence given to cancer, wherever it appeared on the certificate, 
by the General Register Office at that time, it is unlikely that any important 
effects upon the death rates resulted. In 1940, however, an important change 
was made in the method of selecting the main cause when more than one was 
mentioned, a disease certified as merely contributory and not in the direct line 
of causation being ignored if another well-defined condition was stated as the 
direct cause of death. During 1936-1939 very careful evaluation of the effects of 
this change upon death rates was made, and in the Statistical Review for 1940 
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(Registrar-General, 1943) “ conversion ratios ’’ were published for most diseases 
to indicate the amount of correction necessary when comparing death rates from 
1940 onwards with those for years before 1940. For breast cancer in women, for 
example, the factor to be applied to a rate at all ages prior to 1935 was -941, 
signifying that the new procedure resulted in about 6 per cent of deaths which 
would previously have been credited to breast cancer being classified from 1940 
onwards to some other cause. 

When it is desired to study the trend of mortality at particular ages it is not 
safe to assume that the correction to be applied to rates before 1940 is the same 
at every age, until that has been tested, as may be done by examining the ratios 
at different age groups between the deaths in 1939 based upon the old and new 
methods, tabulated for that purpose in Table 21 and Appendix Bl of the 
Statistical Review for that year. For certain diseases where it was important, 
such as diabetes, more exact correction factors based on the dual classification 
carried out during the four years 1936-1939 were used in the Registrar-General’s 
analyses of past death rates at separate age-groups, and on page 135 of the Text 
volume of the Review for 1938-1939 it was shown that for cancer of all sites com- 
bined the conversion ratios for each sex were slightly above unity at ages before 
45 and below unity at ages after, diminishing regularly from 1-17 at 5-14 to 
-95 at 75 and over for males. For cancer of the breast in females it can be deduced 
from the tables in the Review for 1939 referred to above that the correcting factor 
diminishes progressively from -997 at ages 25-29 to -970 at 55-59 and -810 at 
ages 85 and over. This is easy to understand because of the increasing frequency 
of the presence of breast cancer, in its primary or secondary manifestations, as 
age advances, coupled with increasing liability to die of some intercurrent disease 
which is certified as the direct cause of death. 

Throughout these studies of the trend of death rates according to age, correc- 
tion of the rates in years prior to 1940 has been carried out by means of factors 
derived jointly from the age-by-age comparison of the deaths in 1939 and the 
conversion ratio for all ages combined obtained from the dual tabulations of 1936- 
1939. They differ from the series of death rates in Table LX X XIX of the Statistical 
Review for 1946-1947 (Text) in that the age grouping is much more detailed, 
quinquennial groups being used wherever the data allowed, and that the time 
periods are all of 5 years and extend to 1950, thus facilitating study of the be- 
haviour of “‘ cohorts” of people born in successive five-year periods. The sites 
dealt within the present paper consist of the uterus and breast (females), bronchus 


and lung (males). 


Cancer of the uterus. 

Table I gives the mean annual death rates from cancer of the uterus in England 
and Wales by quinquennial age groups in six periods 1921-25 to 1946-50. The 
factors applied to the rates of years prior to 1940, to correct for changes in the 
rules for selecting the underlying cause of death, were, at successive age groups 
from 30-34 to 85 and over: -996, -994, -990, -985, -978, -971, -965, -960, -954, 
*940, -927, -916. 

The graphs on logarithmic scale in the left-hand part of Fig. 1 show that there 
was a steady decline at every age group between 30 and 70 throughout the period. 
In the right-hand part the rates of dying from uterine cancer experienced by the 
*“ cohorts ” of women born around 1865, 1875, 1885, 1895, 1900 and 1905 are 
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TaBLe I.—Cancer of Uterus. 


Death rates per 10000 living 
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Living in England and Wales, 1921 to 1950. 


Age group. 1921-25. 1926-30. 
5- 

10- 0-2 0-2 

15- 

20- 2-2 1-7 

25- 

30- 37-8 37-8 

35- 149 143 

40- 267 267 

45- 432 389 

50- 595 524 

55- 671 596 

60- 793 706 

65- 847 739 

70- . 882 853 

75- ° 843 874 

80- ‘ 709 756 

85 andover . 596 654 

10 
9 
8 
7 
6 
5 
4 
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Mean Annual Death Rates per Million 


1931-35. 1936-40. 1941-45. 1946-50. 
0-3. 0-6 . 0-8 0-7 
0 0-4 0-3 0 
0-1 0 0-1 0 
0-6 0-4 0-9 0-7 
1-7 3-4 2-5 2-7 
11-2 10-2 11-3 12-8 
44-0 32-7 32-8 30-7 
122 96-7 70-2 60-1 
2 209 170 122 
371 336 315 214 
469 448 421 361 
552 522 531 470 
621 591 - 576 536 
715 668 645 589 
770 719 719 659 
746 727 738 703 
766 755 645 712 
535 625 595 618 


graph by period and age at death. 


be read as 20, 30, 40, etc. 


1921-25 1926-30 1931-35 1936-40 1941-45 1946-50 40 50 60 70 80 
Period when death occurred Age when death occurred 


Fic. 1.—Cancer of uterus: death rates in England and Wales, 1921-1950. (1) Left half of 


Note :—The digits 2, 3, 4, etc., indicating the vertical scale for the upper half of the figure, should 


(2) Right half by date of birth and age at death. 
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compared ; and in Table II the mortality experience of each cohort as it reached 
successive ages is expressed in terms of that of the women born about 1885 taken 
as 100. 


TaBLE II.—Death rates from Cancer of Uterus experienced by Women Born about 
1865, 1875, 1885, 1895, 1900 and 1905, per cent of those experienced by Women 
Born about 1885. 


126 
132 

The improvement has been consistent and very considerable. For example, 
women born about 1905 are dying of the disease in their early years at only half 
the rate experienced at the same ages by women born about 1885. This improve- 
ment might be due to (a) effects of the falling birth rate between 1880 and 1933 
on the incidence of uterine cancer, (b) effects of better hygiene in reducing incidence 
of the disease, (c) absolute reduction of fatality by more successful eradication 
of uterine growths, or (d) longer survival before finally dying from the disease. 

How much of the improvement can be attributed to the continuous decline 
in fertility which occurred between 1880 and 1918 and again between 1920 and 
1933? There are three factors to be considered, namely changes in the pro- 
portions of women of successive cohorts who (1) remained single and who (2) 
married but had no children, and changes in the average number of confinements 
of the remainder who married and had children. In the ‘ Decennial Supplement 
on Occupational Mortality ’ in 1930-32 (Registrar-General, 1938) it was shown 
that the death rates from cancer of the uterus and breast in single as compared 
with married and widowed women were considerably lower in the one case and 
higher in the other, as may be seen from Table III, where a similar relative 
comparison is also made for cancer of the cervix uteri and breast in 1950-51 from 
data extracted by the General Regitser Office. 


TaB_eE III.—Single Women per cent of All Women amongst Decedents from Cancer 
of Uterus and Breast, with Comparative Proportions in the Population of 1931 
and amongst all Women Dying in 1950. 


In deaths of 1930-32. In deaths of 1950-51. 
In census — A~A— In deaths 
population Cancer of Cancer of Cancer of of 1950, 
Age. 1931. breast. ix. breast. all causes. 
. 21-1, . 19-7 . 17-8 
75 and over . 17-3 17-8 15-6 


The contrast between cancer of the uterus as a whole and cancer of the breast 
in their relations with the married state was pronounced at every age in 1930-32 ; 


Age 
Bes group. 1865. 1875. 1885. 1895. 1900. 1905. 
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and comparison with the census population shows that single women were not 
dying of uterine cancer at anything like the rates for other women. In 1950-51 
it was possible for the first time to distinguish mortality from cancer of the cervix 
and corpus uteri as a result of the inquiries by the General Register Office 
concerning the large number of deaths certified as cancer of “ uterus ” without 
further definition, and the rates for cervix uteri show still lower proportions of 
single women and greater contrasts with cancer of the breast and other causes of 
death. 

Amongst women who died of cancer of the cervix in 1950-51 at ages under 55 
the proportions who had never married were about one-third of the corresponding 
proportions amongst women who died of all causes. At ages 55-74 the proportion 
was about two-fifths, and after 75 it was about three-fifths. 

In the Registrar-General’s Statistical Review for 1940-45 (Registrar-General, 
1951) deaths of married women from various causes were analysed by age groups 
according to whether the deceased women had borne any children or not, and 
the resulting proportions stated at death registration not to have had a child 
are shown in Table IV for cancer of the uterus, breast and ovary, non-genital 
cancer and all causes. From this source of information it appears that in 1940- 
45 amongst married women dying of cancer of the uterus as a whole at ages under 
55 the proportions who had not borne children were about four-fifths of the 
corresponding proportions amongst women dying of cancer of non-genital sites. 
At ages after 55, however, there was no consistent difference, although the pro- 
portions infertile for cancer of the breast and ovary were consistently higher than 
for uterus at every age. 


TaBLE IV.—Proportions of Married Women Dying in England and Wales during 
1940-45 who were stated at Death Registration to have borne no Children. 


" Infertile per cent of total for whom information was given. 


Age All causes Cancer, Cancer of Cancer of Cancer of 

group. of death. non-genital. uterus. breast. ovary. 
25- 29-6 26-7 21-0 ‘ 22-2 40-2 
35- 20-6 20-5 16-6 ‘ 19-9 31-3 
45- 18-0 18-0 15-5 21-4 28-9 
55- ‘ 16-1 16-1 16-8 20-3 24-7 
65- 14-5 14-5 13-4 18-1 22-4 
75 and over. 15-5 14-6 17-2 19-1 21-1 


From the data given in the Registrar-General’s Statistical Reviews for 1938-39 
(Text, Appendix 1, p. 233) and 1940-45 (Text, Civil, Table xvi, p. 41) the pro- 
portions of all women born in 1885, 1890, 1895, 1900 and 1905 who had married 
by the time they reached successive age groups can be deduced. 

The proportion who had married by 40-44 rose from about 75 per cent for 
the 1885 cohort to 78 for the 1900 cohort, and if the death rate from uterine cancer 
at 45-54 is taken as half as great in single as in other women (as was found for 
1930-32 and 1910-20), this might have caused the death rate of all women to rise 
by 2 per cent. 

According to estimations of childlessness based upon the Family Census 
which was carried out in 1948 for the Royal Commission on Population (1950), 
the proportion having at least one child within 10 years of the first marriage 
decreased from about 86 per cent for women who first married in 1910 to 80 
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per cent for those who first married in 1930. In Table V these data have been 
combined so as to estimate the proportions of all women born at various dates 
who married and had at least one child within 10 years of marriage. 


TaBLeE V.—Estimated Proportions of All Women born in 1885, 1890, 1895, 1900 
and 1905 who, on attaining the ages stated, had been Married and who were 
Fertile. 


Age 
group. 
30- 
35- 
40-44 . 


Estimated percentages married and fertile in each cohort. 
= 


It is evident that, owing to increasing marriage rates which tended to counter- 
act diminishing parity after marriage, the differences between the proportions 
of all women born at various times from 1885 to 1905 who experienced at least 
one confinement were too small to have made any appreciable contribution to- 
wards the large decrease in mortality from uterine cancer shown in Table: II, 
even if the effect of a single confinement on incidence of that disease is important. 
It is necessary to go further and examine the changes in average family size, since 
it may be that multiplicity of confinements is the important factor. It has 
been found, for example, by Lombard and Potter from records in Massachusetts 
Hospitals as quoted by Kennaway (1948) that marriage before the age of 20 is 
strongly associated with incidence of cancer of the cervix. 

In the ‘ Survey of Cancer in London ’ by the British Empire Cancer Campaign, 
Harnett (1952) found that the records of 787 married and widowed patients with 
cancer of the cervix uteri and of 202 with cancer of the corpus uteri in London 
hospitals in 1938 and following years showed the following distribution, ex- 
pressed as percentages of the totals for whom the facts were known, according 
to the number of children born to them : 


Number of Cancer of cervix Cancer of corpus All cancer 
children. (787 cases). of uterus. 
2 ‘ 16-8 16-5 
3 12-4 ‘ 12-9 
5ormore . 35-7 30-7 


Total . 100-0 100-0 


The age distributions, also expressed as percentages of the totals, were : 


55 and 
25-. . . 45-. 50-. over. Total. 
Cervix . 2- 15-8. 17-9 . 47°7 100-0 
Uterus, all 2- ‘ 14-8. 100-0 


With sufficient accuracy for the purposes of this calculation, married and 
widowed women of these age groups in 1938-41 can be regarded as drawn from 
the “‘ cohorts ” of women who first married about 1930, 1925, 1920, 1915, 1910 


‘ 
2) 
1885. 1890. 1895. 1900. 1905. 
48-5 ‘ 48-1 48-5 48-2 47-5 
6-4 . 6-3 . 606 . 598 . 59-5 
63-7 63-8 63-2 63-2 62-4 
e 
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and 1901-09 ; and the family size distributions to be expected in the age groups 
after 45 can be deduced from the data of completed families derived from the 
sample family census carried out for the Royal Commission in 1948, whilst those 
at ages before 45 can be estimated from the one per cent sample tables of the 
national census of 1951. 

Table VI shows, in condensed form, the distribution of family size for women 
of completed fertility, standardised for age at marriage, taken from Table 12 of 
the Preliminary Report of the Family Census in the Papers of the Royal Com- 
mission on Population (1950); and Table VIB shows the distribution of married 
women at four age groups under 50 according to the numbers of children born 
to them as stated at the Census of Great Britain in 1951 (Registrar-General, 1953). 


TaBLE Vla.—Distribution of Family Size for Women in Great Britain who Married 
in 1900-09, 1910, 1915, 1920 and 1925 and had Completed their Childbearing 
(Standardised for age at Marriage). 


Total number 


TasBLe VIs.—Distribution of Married Women aged between 25 and 45 in England 
and Wales at the Census of 1951 according to Number of Children Born to 


them. 
Number Age group at census. 

of A 
children. 


In order to calculate the parity distribution to be expected amongst the 787 
married and widowed women with cancer of the cervix if parity had no effect 
upon incidence of that disease, the percentages at ages 25-34, 35-39 and 40-44 
(viz. 2-7, 5-5, 10-4) are distributed according to the first three columns of Table 
VIp, and the percentages at ages 45-49, 50-54, 55 and over are distributed accord- 
ing to the 3rd, 2nd and Ist columns of Table VIa. Aggregating the resulting 
proportions for each parity group, and carrying out the same process for the 202 
married and widowed women with cancer of the corpus uteri, the expected distri- 
butions and the ratios of actual to expected numbers are as shown in Table VII. 

The contrast between cervix and corpus uteri in their relations with number 
of children born is very pronounced. It would seem that the risk of subsequent 
cancer of the cervix begins to increase after 3 confinements, the 4th carrying a 


|__| 
Date of first marriage 
of 
live-births. 1900-09. 1910. 1915. 1920. 1925. 
11-3 » 12-1 ‘ 15-0 14-2 ‘ 16-6 
1 14-8 17-0 21-2 21-8 25-1 
15-6 17-1 ‘ 15-9 16-1 14-2 
12-0 ‘ 1l-1 . 9-5 9-5 7-7 
5 or more . 27-6 22-2 15-0 14-8 11-3 
Total . 100-0 100-0 100-0 100-0 100-0 
1 34-6 ‘ 27-3 26-6 25-8 
3 10-8 15-2 13-9 13-2 
4 3-6 6-6 6-8 7-0 
5 ormore . 2-0 5-8 8-2 9-3 
Total . 100-0 100-0 100-0 100-0 
n 
0 
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TaBLe VII.—Expected and Actual Parity Distribution in Patients 
with Uterine Cancer. 


Expected parity distri- 

butions in the patients Ratio of actual to 
with cancer of — expected numbers. 

Cervix. Corpus. Cervix. Corpus. 
13-1 12-3 ‘ 0-69 1-77 
18-6 17-0 . 0-78 1-72 
21-6 20-2 ‘ 0-77 0-76 
15-6 15-7 ° 0-79 0-92 
10-4 11-1 1-12 0-71 
20-7 23-7 ° 1-72 0-48 


100-0 100-0 


greater risk than any of those preceding and later confinements adding still more, 
so that, on the average, women with 5 or more children appear to have twice 
as great a liability to this form of cancer as women with 1, 2 or 3 children. Cancer 
of the corpus uteri, however, is most likely to develop in married women who 
have not had more than one child, and is much less likely to be found amongst 
women who have experienced four or more confinements. 

Since cancers of the cervix comprise about four-fifths of all uterine cancers, 
the feature of fertility likely to be most important in its effects upon national 
death rates from cancer of the uterus as a whole is a change in the proportion 
of married women bearing 5 or more children. In Table VI it is shown that 
in the course of 20 years the proportion of married women having 4 children fell 


from 12 to 8 per cent, and the proportion who had 5 or more fell from about 
27 to 11 per cent. Applying the incidence ratios for all uterine cancer to the 
distributions in Table VI, the expected effect of the change in family size during 
the 20 years would be as follows : 


Date of marriage. 
“1900-09. 1910. 1915. 1920. 1925. 
Mortality index . 104-5  . 101-7 . 97-4 97-2 . 95-2 


For comparative purposes the five groups may be regarded as equivalent to 
women born around 1880, 1885, 1890, 1895 and 1900, and Table II shows that 
the relative decline in death rates at ages 45-54 actually observed to occur as 
between the women born in 1875 and 1895 was about (116—83)/116 or 28 per 
cent, and as between the women born in 1880 and 1900 it must have been about 
(108-65)/108 or 40 per cent. Since the expected fall was (104-5-95-2)/104-5 
or 8-4 per cent, it is evident that changes in family size can only account for a 
fraction, tentatively estimated as a quarter, of the actual fall in death rates 
from uterine cancer which has occurred. The remainder of the decline must 
be attributed to other factors such as improved hygiene amongst women and 
more effective treatment. 

The clinical data on which these conclusions are .ounded are limited, and 
they need to be supported by more records of parity amongst patients with uterine 
cancer. More data of this kind are now in process of collection by the Cheshire 
and North Wales Branch of the British Empire Cancer Campaign in the Liverpool 
Hospital Region and North Wales. 
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Cancer of the breast. 


It is sometimes argued that death rates from cancer are subject to so many 
errors arising in diagnosis, certification of the cause of death and subsequent 
translation of it into official statistics that they are poor material on which 
to base important conclusions about the disease. The implication is that it 
would be better to wait until we are in a position to have every case verified by 
biopsy or autopsy and to have the pathologists’ findings considered by advisory 
committees. Whether the resulting statistics would be substantially different 
is still open to argument, and in any case such a position is never likely to be 
reached. 

Cancer of the breast is subject to fewer errors of diagnosis, but owing to its 
tendency to chronicity it is often associated with the presence of other diseases, 
so that if the processes of derivation of statistics from medical certificates of 
cause of death were as faulty as some believe, no close argreement between the 
death rates emanating from the national statistical offices of two independent 
countries could be expected. It is well, therefore, that a test should be made 
by comparing the published death rates at various ages in a few countries having 
well-developed systems of vital statistics and in a similar state of civilisation. 
If the rates are found to differ consistently, either the real incidence or fatality 
may be different or else the statistics may be a better representation of the real 
position in one country than another. If, however, the rates agree closely, such 
agreement can hardly be explained by accident and should provide grounds for 
greater confidence in the statistics of deaths. 

The World Health Organisation (1952) published death rates according to 
age for breast cancer in 1949 or 1948-49 for several countries, and they are re- 
produced in Table VIII for Canada, England and Wales, Denmark and Holland. 


TaBLE VIII.—Death Rates from Cancer of the Breast per 100,000 Females by Age 
Groups in 1949 or 1948-49. 


England 
Age Canada, and Wales, Denmark, Holland, 
group. 1949. 1949. 1948-49. 1948-49. 
Under 25 ‘ 0- 0-0 0-1 0-0 


111-2 
175-4 


The very close correspondence between the rates in Canada and England 
and Wales is remarkable when all the differences between the two countries are 
considered ; and at ages from 55 to 75 Denmark registered rates almost identical 
with those in England and Wales but appreciably lower at 35-44 and after 75. 
It is inconceivable that this measure of agreement could have arisen accidentally 
if death rates are based upon so many faults and errors as to make them un- 
reliable. In Holland the rates at every age under 65 were so much below those 
of the other three countries, despite similarity of the registration and statistical 
systems, that a lower incidence or lower fatality in that country seems to be 
implied. 


291 

2-5 0-4 
‘ 17-9, 9-0 

44-1 34-2 
; 75 and over . 176-3 ‘ ‘ 160-9 . 188-1 
L 
3 
t 
1 
1 
e 


292 PERCY STOCKS 


Table IX shows the mean annual death rates of females from breast cancer in 
England and Wales by quinquennial age groups in six periods from 1921-25 
to 1946-50 in the same form as Table I. The factors used to correct the rates 
of years prior to 1940 for changes in the rules for selecting the underlying cause 
of death were, at successive age groups from 25-29 to 85 and over: -997, -992, 
-987, -983, -979, -975, -970, -960, -940, -915, -880, -845, -810. 

These rates, and the graphs in the left hand part of Fig. 2, in sharp contrast 
with those for uterine cancer, show on the whole very little change through 25 


3 


Death rates per 10000 living 


1921-26 1926-30 1931-35 1936-40 1941-45 1946-50 40 50 60 70 80 
Period when death occurred Age when death occurred 


Fic. 2.—Cancer of breast: death rates of females in England and Wales, 1921-1950. (1) 
Left half of graph by period and age at death. (2) Right half by date of birth and age 
at death. 
Note :—The digits 2 and 3, indicating the vertical scale for the upper part of the figure, should be 
read as 20 and 30. 


years. At ages over 65 the rates increased up to 1940 and then fell back slightly, 
and between ages 30 and 45 the rates have increased since 1940. This may be 
seen by expressing the rates in 1936-40 as percentages of those in 1926-30, and 
the rates in 1946-50 as percentages of those in 1936-40 (Table X). 

In the right-hand part of Fig. 2 the rates of dying from breast cancer ex- 
perienced by the “ cohorts” of women born about 1865, 1875, 1885 and 1895 
are depicted. The graphs run together in a manner very different from those 
for the uterus in Fig. 1. In Table XI the mortality suffered by each cohort on 
attaining successive ages is expressed in terms of that of women born about 
1885 taken as 100. At ages 50—54 there has been a lowering of mortality in the 
successive cohorts, and the trend suggests that the fall may continue at that 
age period and at 55-59; but on the other hand, women born since 1900 have 
shown an enhanced mortality before reaching 45. ; 
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TaBLE IX.—Cancer of the Breast. Mean Annual Death Rates per Million Living 
in England and Wales, 1921 to 1950. 


Age group. 1921-25. 1926-30. 1931-35. 1936-40. 1941-45. 1946-50. 


85 and over. 2059 2357 2548 2107 2177 


TaBLE X.—Cancer of Breast. Relative Variation in Death Rates at Different Ages. 


30-. 35-. 40-. 45-. 50-. 55-. 60-. 65-. 70-. 75-. 80-84. 
1936-40 per cent of 1926-30 100 . 98 . 96. 101 . 97 . 104. 101 . 106. 107 . 110. 108 
1946-50 per cent of 1936-40 118 . 115 . 109. 99.94. 93. 94. 95. 98. 99. 100 


TaBLE XI.—Death Rates from Cancer of the Breast amongst Women Born at Various 
Dates, Expressed in Terms of the Rates amongst Women Born about 1885 
taken as 100. 


Age 
group. 1865. 1875. 1885. 1895. 1900. 1905 1910. 
55- c na —- - 


To what extent, if at all, could the unsatisfactory trend of mortality from 
breast cancer be explained by changes in the rates of marriage and childbearing ? 
Table III shows that in 1930-32 the proportion of single women amongst all 
women who died of breast cancer at ages between 45 and 65 was 20-7 per cent 
compared with 16-2 per cent in the census population ; and in 1950-51 it was 
19-8 per cent compared with about 16-5 amongst women dying from all causes. 
The 1930-32 figures imply that the death rates of single women and of other 
women at 45-64 were in the ratio of 20-7/15-8 to 79-3/83-8 or 1-33 to 1; and 
similarly at ages 65-74 the ratio derived from Table III was 20-5/15-8 to 79-5/ 
84-2 or 1-37 to 1. Since, as shown in the discussion of uterine cancer, the pro- 
portion of all women still unmarried at ages 40-44 declined from about 25 per 
cent for women born about 1885 to 22 per cent for women born about 1900, 
this change in proportion marrying might be expected to lower the breast cancer 
death rate after 45 from R(*25 + -75/1-35) to R(-22 + -78/1-35), where R is 
the rate amongst single women. The relative improvement to be expected during 


Ol . 0-3. . . 0-1 
14. 0-7. 0-9 . 16. 2-1 
. 99 94 8-3 1-9. 10-8. 10-6 
40-3. 45-1. 47-5. 45-3 48-4 53-7 
40- . 269 — — 278 . 
45- . 450 . 455 . 453 . 452 
. . 586 638 635 622 604 . 585 
. . 927 987 . 1001 . 1049 . 1052 1000 
« . 1160 . . 1239 1163 . 1210 
> 
> 
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the last 20 years in mortality of women between 45 and 75 on account of the 
increasing amount of marriage is, therefore, only about 1 per cent of the rates. 

Table IV shows that amongst married women dying of breast cancer at ages 
over 45 in 1940-45 the percentage proportions who were stated to have had no 
children were greater than amongst women dying of cancer of non-genital organs 
or amongst those dying of all causes. Between ages 45 and 65 the proportions 
infertile were about 20-8 per cent compared with 17 per cent, which implies a 
ratio between the breast cancer death rates of infertile and fertile married women 
at those ages of 20°8/17 to 79-2/83 or 1-28 to 1; and similarly at ages 65-74 
the ratio was 18-1/14-5 to 81-9/85-5 or 1-30 to 1. Since, as was shown in con- 
nection with uterine cancer, infertility of married women during the first ten years 
of marriage increased from about 14 per cent in women who married about 1910 
to 20 per cent in those who married about 1930, this change in the infertility rate 
after marriage would be expected to raise breast cancer rates after 45 from 
r(-14 + -86/1-3) to r(-20 + -80/1-3), where r is the rate amongst fertile married 
women. The increase in breast cancer mortality of married women to be expected 
at ages over 45 in the last 20 years would be, therefore, about 2 per cent of the 
rate. 

Information as to the numbers of pregnancies experienced by women who later 
develop breast cancer at various ages is scanty, and the only data found suitable 
for the purpose of this study were in a tabulation by Smithers et al. (1952) of 
383 married women treated at the Royal Cancer Hospital from 1945 to 1948. 
Their distribution according to number of children in association with age at 
onset is shown in condensed form in Table XII; and by the same procedure 
as for uterine cancer the data in Tables VIa and VIB have been used to calculate 
the parity distributions to be expected on the assumption that these patients 
were representative of all married women with a breast cancer appearing in 


TaBLeE XII.—Number of Children Born to 383 Married Women with Cancer of 
Breast (Royal Cancer Hospital series, 1945-48) Compared with Numbers 
Expected from Data of Tables VIa and VIB. 


Actual numbers according to age at onset. 
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1945-48. The age groups under 35, 35-39, 40-44 can be regarded as corresponding 
in parity approximately with married women of ages 25-34, 35-39, 40-44 at 
the Census of 1951 (Table VIs), and age groups 45-, 50—, 55—, 60-, 65 and over 
can be equated to women who married about 1925, 1920, 1915, 1910 and 1900- 
09 (Table VI). The expected distributions obtained by applying the appro- 
priate percentages in Tables VIa and VIB to the numbers of patients in each 
age group are shown in the lower part of Table XII. 

Comparing the actual with the expected parity distributions, it appears that 
the risk of developing breast cancer after 45 must be considerably less amongst 
women who have had several children than amongst married women who have 
had no more than one child (Table XIII). 


TaBLE XIII.—Breast Cancer. Actual and Expected Parity Distributions. 
N — Ages under 45. Ages 45 and over. 


Actual. Expected. Ratio. Actual. Expected. 
10-6. 40-4 

2 57-4 

65-3 

47-9 

31-5 

60-5 


303-0 


Multiple pregnancies may have a protective effect ; at any rate the tentative 
conclusions to be drawn from these data is that 2 or 3 children diminish the likeli- 
hood of breast cancer after 45 by about one-fifth, and four or more children reduce 
it by about two-fifths. At ages under 45 the effect seems to be even greater, 
but the numbers on which the ratios are based are small, and there might be 
other reasons contributing to the low frequency of women with four or more 
children amongst patients seen during the period of childbearing. 

It is desirable that this inverse correlation with number of children should 
be confirmed by other and larger data, and such information is in process of 
collection in the Liverpool Hospital Region and North Wales by the British Empire 
Cancer Campaign. Assuming it to be correct, what effect would the decline in 
family size since 1905 be expected to have upon the incidence of breast cancer 
amongst all married women? This can be calculated by applying the ratios for 
women over 45 to the successive distributions in Table VIa and aggregating the 
products, as was done for uterine cancer. The relative expectations of incidence 
amongst women who first married about the five dates are then found to be : 


1900-09. 1910. 1915. 1920. 1925. 
96-2 . 98-5 . 102-4 . 102-4 105-2 


The expected increase amongst married women over 45 during the 20 years 
would be (105-2—96-2)/96-2 or 9 per cent of the incidence in the 1900-09 group ; 
and if fatality had remained constant their death rates should have risen by 
9 per cent. This is a larger effect than was estimated from the deaths of married 
women divided into the two categories fertile and infertile, but the two estimates 
are not incompatible. From Table XI it appeared that death rates of all women 
over 45 have not risen but have shown a slight improvement, and if incidence 
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of breast cancer has in fact increased by 8 per cent (after allowing for the esti- 
mated effect of more marriage), this would mean that some compensating in- 
fluence has been at work tending to lower either the incidence or fatality of the 
disease. Since there is no known reason why incidence should have diminished 
amongst groups of women of given age and fertility, the most probable explana- 
tion would be that the efficacy of surgery and radiotherapy to prolong the lives 
of patients with breast cancer has not remained unchanged over a quarter of a 
century, but has so improved as to reduce fatality rates to about 90 per cent of 
their former levels through raising survival rates. 

At ages before 45, if the ratios deduced from Table XII are applied te the five 
cohorts in Table VIA, the trend of relative incidence in women who married at 
the five dates would be : 


1900-09. 1910. 1915. 1920. 1925. 
87-7 . 95°56 . 108-56 . 108°8 117-5 


Although, as Table XI indicated, death rates at ages under 45 have risen 
considerably, that rise would be more than accounted for by an increase in inci- 
dence such as the figures 87°7 to 117°5 suggest, again leading to the conclusion 
that improved results of treatment may have prevented the death rates from rising 
more steeply than they have done. It must be stressed, however, that the 
conclusions reached above from the data of the Royal Cancer Hospital need to 
be confirmed when more extensive information of the same kind is available. 


Cancer of lung and bronchus. 


The increase in death rates from bronchogenic carcinoma, now known to be 
occurring in several countries, is a matter for concern, and it is possible that some 
clue to the reasons for the continued rise might be found by a careful examination 
of the proportions of males dying of this and of all other forms of cancer amongst 
those born at different years. Possible explanations which have been suggested 
for the continued increase are: (1) more complete recognition of the disease 
leading to its more frequent certification as cause of death, (2) introduction of 
some carcinogenic substance in the process of tobacco cultivation or manufacture, 
(3) increase of some carcinogenic substance in the atmosphere, (4) delayed effects 
of virus A influenza, (5) prevention by modern therapy of early death from pneu- 
monia at a stage before cancer could be reco 

There is no doubt that the first and last of these have accounted for part 
of the increase, but the belief that one or both of them provided the whole ex- 
planation has had to be abandoned in Denmark at least, and Clemmesen, Neilsen 
and Jensen (1953) now postulate the appearance of a carcinogen in the environ- 
ment of Copenhagen about the period 1900-10 and in the provinces some ten 
years later, beginning to affect people about age 15 and taking some 20 years 
to develop. 

The purpose of this study is to discover whether any sudden increase in 
mortality occurred at a particular period of time or affected particular cohorts 
of men or affected men of particular ages. Cancer death rates in general have 
been influenced by a number of disturbing factors, but since only those peculiar 
to lung cancer are of interest here, the method used has been to examine the 
behaviour of the ratio of lung cancer deaths to the total deaths from cancer of 
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all other sites in cohorts of males, born at different periods since 1855, as they 
reached successive years between 1921 and 1950. Lung cancer death rates and 
also those from other forms of cancer tend to increase steadily with advancing 
age, so movements of the ratio will give no indication of that part of the upward 
progression which lung cancer shares with other cancer. They are superimposed 
upon it, and give a more sensitive indication of any special factors arising which 
affected the incidence of lung cancer alone as the cohorts were exposed to them 
through particular periods of time and then passed on to higher ages. It is 
necessary, however, to keep in mind what was happening to the base level of 
mortality on which the ratios are superimposed, and the progressive upward 
trend with age of death rates per 100,000 from all cancer other than of lung and 
bronchus is shown for different cohorts (Table XIV). 


TaBLeE XIV.—Death Rates from all Cancer other than of Lung and Bronchus. 


Period of birth of cohort. Average per 

Ages _ “~ — cent increase in 
reached. 1871. 1876. 1881. 1886. 1891 1896. 1901. . 5 years of age. 

40- — oa 50 53 48 49 49 ‘ 93 

45- _- lll 104 98 86 90 88 , 87 

50- 213 204 186 172 161 152 — 79 

55- 353 333 305 282 265 — _ 64 

60- 558 527 472 435 — 56 

65- 812 772 685 — 46 


Table XV shows the lung cancer ratios in separate years 1921 to 1950 for 
cohorts of men who formed the age group 15-19 in the year stated in the second 
line of the column in question. The years of birth of the cohorts attaining 
these ages in 1901 would be 1882-1886, centred at 1884 as the table indicates ; 
in 1931 the men of this cohort would be aged 45-49, in 1933 their ages would be 
47-51, andsoon. In calculating the ratio for the 1884 cohort in 1933, three times 
the deaths at 45-49 were added to twice the deaths at 50-54 in 1933, both for 
lung cancer and all other cancer, and the first total divided by the second. The 
approximation involved in this would affect numerator and denominator simi- 
larly and would have no appreciable effect on the ratio. In the lower part of 
the table the ratios thus obtained have been averaged for three consecutive years, 
centred at every third year from 1922 to 1949. 

From 1922 to 1925 the lung cancer index changed appreciably only in the 
cohorts born about 1864, 1869 and 1884, but in each successive triennium in 
the years between 1925 and 1937 it increased in every cohort. Between 1937 
and 1946 the increases again became selective, affecting the later cohorts. This 
can be seen in Table XVI, where the triennial increases are expressed as per- 
centages of the index at the start of the period, “nil” denoting no increase or 
a slight fall. Ages between 45 and 55 are located approximately between the 
broken lines ; figures to the left of these relate to what was happening amongst 
men over 55, and figures to the right relate to ages under 45. 

Between 1925 and 1928 the ratio rose sharply in the 1879 and 1884 cohorts, 
whose ages were then about 45, and they increased also by 10 to 20 per cent at 
older ages. Between 1928 and 1931 the increase was intensified in every cohort, 
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TaBLE XV.—Ratios of Lung Cancer to All Other Cancer in Each Year 1921 to 
1950 amongst Deaths occurring in Cohorts of Males, England and Wales. 


Central birth year 1854. 1859. 1864. 1869. > q . 1889. 1894. 1899. 1904. 1909. 
Aged 15-19in . - 1876. 1881. 1886. ° " - 1906. 1911. 1916. 1921, 1926, 
Year of death. 
1921 015-019 -028 
1922 . -030 
1923 -016 -018 -026 
i924 016 - -031 
1925 - +027 
1927 -02 -031 
1928 
1929 
1930 


1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 


1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 


PP 
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Central year. 
1922 


1925 
1928 
1931 
1934 
1937 
1940 
1943 
1946 
1949 
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TaBLE XVI.—IJncreases in Lung Cancer Ratios in Triennial Periods (per cent 
of the ratio at start of the period) Occurring amongst Males of Different Birth 


Dates. 
Central birth year of cohort. 


Period when 
rise occurred. : . 1869. 1874. 1879. 1884. 1889. 1894. 
1922 to 1925 i §8 al 5 

1925 to 1928 

1928 to 1931 

1931 to 1934 

1934 to 1937 

1937 to 1940 

1940 to 1943 

1943 to 1946 

1946 to 1949 


| 
— — +034 -051 -095 -171 -252 -328 -330 -331 -2830 — 
— — +042 -098 -173 -263 -316 -369 -385 -344 — 
4 . — — +047 -070 -108 -178 -263 -337 -398 -394 -330 — 
— — +043 -064 -104 -173 -273 -375 -449 -459 -391 — 
— — +043 -060 -099 -175 -271 +381 -425 +501 -419 — 
- — — +044 -061 -092 -192 -296 -427 -502 -542 -469 -379 
es . — — +039 -068 -103 -198 -315 -422 -546 -610 -534 -437 
a . — — +048 -074 -116 -205 -329 -459 -587 -637 -566 -464 
ee . — — +054 -077 -124 -213 -350 -486 -598 -670 -636 -480 
aS . — — +048 -079 -119 +210 -357 -527 -623 -740 -650 -550 
-022 -030 -037 -046 -056 — — — — 
-026 -033 -044 -063 -088 — — 
-031 -047 -073 -093 -127 -156 — — — 
-0388 -053 -089 -132 -179 -215 — — 
-041 -066 -100 -155 -218 -274 -267 -251 — — 
-039 -060 -099 -162 -239 -300 -334 -342 — — 
-044 -064 -103 -175 -266 -343 -405 -413 -355 — 
-042 -063 -098 -188 -294 -410 -491 -551 -474 — 
-050 -077 -120 -209 -345 -491 -603 -682 -617 — 
1899. 1904. 
— 
33 
24 
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exceeding 40 per cent except in that of 1864. In the next triennium the increases 
were similar to those between 1925 and 1928, and from 1934 to 1937 they again 
diminished, becoming small or absent in the next period, except in men around 
45. 

This pronounced wave of increase in lung cancer compared with other cancer, 
commencing amongst younger men before 1928 and then spreading to every age, 
reaching a maximum about 1931 and then diminishing by 1937 except in the 
younger groups, is suggestive of a stimulus to diagnosis produced by some new 
definition of a disease hitherto imperfectly recognised. Such an event did occur 
in 1926 when Barnard described bronchogenic carcinoma in a paper which un- 
doubtedly had a great influence on recognition of the disease during the ensuing 
decade. It seems very probable that the raising of lung cancer death rates to 
higher levels at all ages during that period was largely due to more complete 
recognition of its presence as a result of this and subsequent pathological research. 

An alternative explanation of the initial wave of increase might be that the 
influenza epidemic of 1918-19 initiated the carcinogenic process in a few of the 
millions of people who were affected, and that the disease took some 10 to 20 
years to develop and reach a fatal termination. That is not a new suggestion, 
but no evidence for any causal connection with the epidemic has been advanced. 
The great epidemic was followed by smaller ones in 1922, 1924, 1927, 1929 and 
1933, but none of them exceeded in magnitude one seventh of the 1918-19 out- 
break, in terms of mortality ; and if Virus A had been responsible for the initial 
lung cancer wave, that wave would have subsided much further than it did. In 
fact the incidence of deaths never reached any peak; what happened was that 
the rate of increase reached a temporary maximum about 1931 and then dim- 
inished. The “nil” increases in Table XVI from 1937 to 1940 mean that in 
the cohorts born before 1875 the lung cancer death rate was then rising with 
advancing age after 65 at about the same gradient as the death rate for all other 
cancer, and the actual gradient at that age and time period has been shown to 
be about 33 per cent increase in 5 years or 20 per cent in a triennium. The pre- 
ceding explanation for what occurred between 1925 and 1937 is far more probable, 
but the hypothesis of influenza as a contributory factor cannot be excluded as a 
possibility. 

From 1937 onwards sulphonamides began to be used in increasing amount, 
and pneumonia deaths soon began to fall. Could this have affected lung cancer 
rates appreciably by keeping alive longer many persons who without sulphon- 
amides would have died of a complicating pneumonia before the cancer could be 
recognised ? Pneumonia death rates of males fell between 1937 and 1942 from 
177 to 255 per million at ages 35-44, from 950 to 457 at 45-54 and from 1535 
to 1024 at 55-64, and the fall continued till 1946. During that period the lung 
cancer ratio continued to rise steadily in men born about 1880, the gradient being 
steeper amongst men at ages around 40 and 50 than around 60, and only slight 
after 65. The following totals of deaths in England and Wales set definite limits, 
however, to the possible effect of sulphonamides, and of penicillin which came 

Number of deaths of males in— ~ 


Certified 
cause. Ages. 1939. . 1949. 1950. Decrease. Increase. 


Pneumonia 38468 . 65544 3614 1930 — 
Sancer of lung and 
bronchus - 36-69 . 8357. 4942 
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into use later, in saving men with lung cancer from dying of “‘ pneumoma ” and 
enabling them to die a year or so later of a recognised carcinoma. 

Even if it were supposed that every man between 34 and'69 who was prevented 
by the new therapy from dying of pneumonia in 1949 died subsequently of lung 
cancer in 1950, which would be a fantastic overstatement, this would still leave 
an increase in the lung cancer deaths at those ages unaccounted for. If half 
of those saved in 1949 were really cases of lung cancer it would leave four-fifths 
of the increase in deaths between 1940 and 1950 unexplained. Although there is 
no doubt that this factor contributed something to the increase in lung cancer 
deaths after 1937, that contribution cannot have gone far towards explaining the 
total increase. 

The use of the bronchoscope has also been increasing in frequency, and mass- 
radiography has brought to light some cases since 1946 which might have escaped 
recognition, but the-latter would affect men of working ages mainly, and Table 
XV shows no evidence of such a selective effect appearing between 1946 and 
1949.. All these factors combined can hardly account for the continued increase 
since 1937 in the ratio of lung cancer to all other cancer by 7 or 8 per cent of the 
ratio annually in men born since 1890, and by 3 to 6 per cent annually in men 
born between 1875 and 1890. 

Diagnostic difficulties are still great in ‘many instances, and Smithers (1953) 
has shown in a careful survey that at the present time not only are large numbers 
of cases missed in death certification, but many cases are being incorrectly certi- 
fied as lung cancer. Despite all this, he concludes, in conformity with the view 
now accepted by Clemmesen, Neilsen and Jensen (1953) in Denmark, that changes 
in accuracy of certification account for only a part of the apparent rise in incidence 
of the disease. 

Neither the well-established connection between cigarette smoking and bron- 
chogenic cancer incidence in hospital patients nor the statistical indications that 
smoke from domestic chimneys may also be concerned depend on any corres- 
pondence in upward or downward trends in time. Both factors have been part 
of our environment for a long time, but the chemical constituents of cigarettes 
and of domestic smoke may have been modified at any time, and changes in 
the total volumes are less important than the appearance of, or increase of, some 
carcinogenic substance in them. The introduction of petrol and oil-driven vehi- 
cles with rubber tyres into the environment early in the century has also to be kept 
in mind, although so far no firm evidence of a connection has been found. These 
three factors, acting separately or in combination, still seem to provide the most 
likely hypothesis as a basis for research into causation. 


CONCLUSION, 


1. Examination of the death rates at quinquennial age groups from cancer 
of the uterus, experienced between 1921 and 1950 by women in England and 
Wales, shows that a progressive fall in mortality has occurred ; those born about 
1905 died at only half the rate during the childbearing period compared with 
those born about 1885. 

2. Amongst women who died from cancer of the cervix uteri in 1950-51 at 
ages under 55 the proportion who had never married was about one-third of the 
corresponding proportion amongst women dying from all causes ; at ages 55-74 
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the proportion was about two-fifths, and after 75 it was about three-fifths. Because 
of the increase which has occurred in the proportion marrying before 45, the 
death rates from uterine cancer at ages after 45 might have been expected to 
rise by 2 per cent in the last 20 years. 

3. The distribution according to number of children born for married women 
over 45 with cancer of the cervix uteri differs greatly from that for married 
women over 45 with cancer of the corpus uteri, and also from the parity distri- 
bution to be expected on the basis of the general population of married women. 
It appears that the risk of subsequent cancer of the cervix begins to increase 
after 3 confinements, and that for women with 5 or more children it is twice as 
great as for women with few children. The progressive fall in family size during 
20 years would be expected to have diminished the death rates by about 8 per 
cent of their former values, and the actual improvement recorded has been much 
greater than can be accounted for by fertility changes. 

4, Examination of death rates from breast cancer at different ages in several 
countries reveals close agreement over a range of ages between Canada, England 
and Wales and Denmark ; but rates in Holland are lower. Study of the death 
rates experienced from 1921 to 1950 by successive cohorts of women in England 
and Wales shows a tendency for rates to fall slightly at ages between 50 and 60, 
but a pronounced increase in mortality before reaching 45 has occurred. 

5. Death rates from breast cancer after 45 are greater amongst women who 
have never married, and the increase in the proportion of women marrying before 
45 might be expected to have lowered the rates after 45 by 1 per cent in the last 
20 years. 

6. The distribution according to number of children born for hospital patients 
with breast cancer, in such data as are available, differs from what would be 
expected, and it is estimated tentatively that the bearing of 2 or 3 children 
reduces the likelihood of this form of cancer developing after 45 by about one- 
fifth and that 4 or more children reduces it by about two-fifths. From this it 
follows that the progressive fall in family size should have increased the incidence 
of breast cancer after 45 by about 9 per cent, and since the death rates have not 
increased at those ages, this suggests that a corresponding improvement in sur- 
vival rates has been effected. 

7. Examination of the changes between 1921 and 1950 in the ratio of deaths 
attributed to cancer of the lung and bronchus to deaths from all other cancer 
at the sanfe ages in successive cohorts of males indicates that a wave of increase 
in the ratio occurred between 1927 and 1937, raising death rates to higher levels 
at every age. The most probable explanation for this is an improving recognition 
of bronchogenic cancer starting from the pathological researches published in 
1926. 

8. From 1937 to 1946 the lung cancer ratio continued to rise by about 7 per 
cent of the ratio annually in men born since 1890, more slowly in men born be- 
tween 1875 and 1890, and inappreciably in cohorts born before that ; but after 
1946 the increase again spread to all ages. Sulphonamides, and later penicillin, 
must have contributed something to this by preventing some men from dying 
from penumonia without cancer having been diagnosed and allowing them to 
die a year or so later of recognised lung cancer. The pneumonia statistics show, 
however, that this factor could not account for more than about a fifth of the 
actual increase recorded for lung cancer between 1940 and 1950. 
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9. It is concluded that much of the increase in lung cancer rates in England 
and Wales since 1937 must have been due to rising incidence of the disease, and 
possible causes of this are discussed. 


REFERENCES. 


BaRnarp, W. G.-—(1926) J. Path. Bact., 29, 241. 

CLEMMESEN, J., NEILSEN, A., AND JENSEN, E.—(1953) Brit. J. Cancer, 1, 1. 

Harnett, W. L.—(1952) ‘Survey of Cancer in London.’ London (British Empire 
Cancer Campaign). 

Kennaway, E. L.—(1948) Brit. J. Cancer, 2, 177. 

REGISTRAR-GENERAL—(1938) ‘ Decennial Supplement, 1931 : Occupational Mortality.’ 
London (H.M. Stationery Office)—(1943) Statistical Review for 1940. Part 1; 
Medical. Appendix, Bl. London (H.M. Stationery Office).—(1951) Statistical 
Review for 1940-45. Text, vol. 2, Civil. London (H.M. Stationery Office).— 
me: * One per cent Sample Tables,’ Part 2, Table X3. London (H.M. Stationery 

ffice). 

Royal Commission on Population—(1950) ‘ Reports and Selected Paper,’ vol. 2, p. 99. 
London (H.M. Stationery Office). 

Smiruers, D. W.—(1953) Brit. med. J., 1, 1235. 

Idem, Riesy-JoneEs, P., Darton, D. A. G., anD Payne, P. M.—(1952) Brit. J. Radiol., 
Supplement 4. 

World Health Organisation—(1952) ‘ Epidemiological and Vital Statistics Report,’ 
5. Geneva. 


, 
ad, 
an 
AS 


MORTALITY FROM LUNG CANCER AMONG NON-SMOKERS. 
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ALL reports agree that cancer of the lung occurs among “ non-smokers.” The 
definition of a “‘ non-smoker ” has, however, varied and has never been so strict 
as to exclude persons who have smoked only one cigarette, one cigar or one pipe 
of tobacco. Such a definition would have little interest in England where its use 
would probably result in no men at all being classified as non-smokers. It would 
not in any case, delimit a class of persons who had never been exposed to tobacco 
smoke, since persons who do not themselves smoke, breathe air containing smoke 
produced by others. Such a rigorous definition is, moreover, probably unneces- 
sary. Even very heavy smoking does not appear to be uniformly carcinogenic 
and it is therefore unlikely that an appreciable risk should be incurred by smoking 
on a single occasion. 

The definition used by Doll and Hill (1952) is that of a person who has never 
consistently smoked for as long as one year at the rate of as much as one cigarette 
or one gramme of tobacco a day. In practice, there is seldom difficulty in deciding 
whether a person has satisfied this criterion and it is thought to define a qualita- 
tively distinct group since persons who have smoked more than this amount have, 
with few exceptions, smoked much more. In this sense, some 5 per cent of men 
and some 50-70 per cent of women are, in England, classified as ‘‘ non-smokers.” 

To calculate the lung cancer death rate among non-smokers, it is necessary to 
estimate two sets of figures: the numbers of non-smokers at risk and the num- 
bers of non-smokers, in corresponding sex and age groups, dying of lung cancer 
over a given period. The number of non-smokers in the population may be esti- 
mated from the figures given by the Registrar-General of England and Wales 
(1952) and from the data collected by Doll and Hill (1952) from interviews with 
nearly 5,000 hospital patients in widely separated parts of England. 

Table I shows the numbers of men and women, at different ages between the 
limits of 25 and 74 years, resident in Greater London, Other Urban Areas (County 
Boroughs and Urban Districts) and Rural Districts at June 30th, 1950 (Registrar- 
General of England and Wales, 1952). It also shows the numbers of patients with 
diseases other than cancer of the oral cavity respiratory tract and intrathoracic 
organs, who fell into the same categories, and the numbers of such patients who 
were non-smokers. Cancers of the oral cavity, respiratory tract and intrathoracic 
organs have either been shown to be related to smoking or been suspected of 
having such a relationship, and patients with cancer at these sites have, there- 
fore, been excluded. In making the estimates here presented, it is assumed that 
the proportion of non-smokers among the remaining patients with other diseases 
who were interviewed, was characteristic of that in the total population for each 
sex, age and place of residence sub-group. 


‘ 


304 R. DOLL 


TaBLE I.—Population of England and Wales, Number of Patients* Interviewed and 
Number of Non-Smokers among them, Subdivided by Sex, Age and Area of 
Residence. 

Number of men. Number of women. 
Area of residence. Area of residence. 


of Age urban Rural Greater Rural 
subjects. . . areas. districts. London. areas. districts. 


4,000,000 1,220,000 . 1,399,000 4,093,000 1,159,000 
. 917,000 . 1,107,000 3,507,000 987,000 
June 30, 1950 ° 287,000 . 343,000 1,158,000 340,000 


interviewed 255 125 
138 60 


Non-smokers . ° 33 38 
among 155 89 
patients ° 102 50 


* Excluding patients with cancer of the oral cavity, rspnatory tract or intrathoracic cavity 
and those with secondary cancer in whom the site of origin of the primary was uncertain. 


The numbers of non-smokers in the population are estimated le multiplying 
the population in each sub-group by the proportion of non-smokers in the corres- 
ponding sub-group of patients. For example, the number of male non-smokers, 
aged 45-64, living in Greater London at June 30, 1950, is estimated to have been 
(to the nearest 100) 

38 
934 < 937,000 = 38,100. 

The number of non-smokers dying of lung-cancer is estimated in a similar 
way from the Registrar-General’s mortality data (Registrar-General of England 
and Wales, 1952) and from the proportions of non-smokers found among the 
group of patients with bronchial carcinoma who were interviewed. The data 
are shown in Table II. ~ 

The estimated numbers of non-smokers living in mid-1950 and the estimated 
numbers dying of lung cancer in 1950 are shown in Table III. From the data, 
annual death rates may be calculated separately for each sub-group, or for persons 
in each type of area (by adding the figures for men and for women), or for men 
and for women generally (by adding the figures for each type of area). For 
example, the estimated annual death rate from lung cancer r among non-smokers 
aged 45-64 in Greater London in 1950 i is 


55+ 606 66-1 
38,100 + 673,000 ~ 711,100 


= 0-093 per 1,000, 


and the estimated annual death rate among men aged 45 to 64, throughout 
England and Wales is 


55 +1014+00 156 _ 
38,100 + 116,100 + 67,600 221,800 


0-070 per 1,000. 
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TaBLE II.—Deaths from Lung Cancer in England and Wales, Number of Patients 
with Bronchial Carcinoma Interviewed and Number of Non-Smokers among 
them, Subdivided by Sex, Age and Area of Residence. 


Number of men. Number of women. 
Place of residence. Place of residence. 
Age Greater urban Rural Greater urban Rural 
Class of subjects. (years). London. areas. districts. London. areas. districts. 
Persons dying of lung can- 25- - 398 8. 39 116 14 
cer in 1950 45- - 1473 3800 786 . 215 533 118 


98 


Patients with bronchial 
carcinoma interviewed 


Non-smokers among 
patients 


TaBLE III.—Estimated Population of Non-Smokers in England and Wales and 
Estimated Number of Deaths from Lung Cancer among Non-Smokers, Sub- 
divided by Sex, Age and Area of Residence. 


Estimated Number of men. Estimated Number of women. 
Area of residence. Area of residence. 
of Age Greater urban Rural Greater urban Rural 
subjects. (years). London. areas. districts. London. areas. districts. 
Population of . 25- - 79,000 496,400 161,700 . 732,800 2,321,400 656,000 


non-smokers at 45-— - 38,100 116,100 67,600 673,000 2,497,000 705,000 
June 30, 1950 44,800 - 253,500 965,000 287,700 


Non-smokers 0-0 23-0 0-0. . 49-7 
dying of lung 45- . 5-5 10-1 0-0... 60-6 231-7 59-0 
cancer in 1950 64-74 . 0-0 42-7 0-0 81-3 126-0 98-0 


* Cannot be estimated because no women with bronchial carcinoma who were resident in rural 
districts were interviewed. 


The estimated death rates for persons resident in Greater London, Other Urban 
Areas and Rural Districts, and for men and women separately and for all persons 
living in all areas, are shown in Table IV. 


Reliability of the estimated rates. 

Whether the rates may be relied upon depends primarily on whether the as- 
sumptions which were made to enable them to be calculated are valid. That is 
to say, it depends on whether the patients who were interviewed and who were 
suffering from various diseases other than cancer of certain special sites, were 
representative, with regard to the proportion of non-smokers among them, of the 
population in general; on whether the patients who had bronchial carcinoma 
were representative of all persons dying of the disease and on whether the Registrar 
General’s mortality data are accurate. 


65-— | ° | 
539 376 lll 39 23 10 
65-74 . 130 40 16~C 13 3 2 
25- ° 0 3 0 ‘ 1 3 0 
2 l 10 5 
65-74 . 0 7 1 2 
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TaBLE IV.—Estimated Annual Death Rate from Lung Cancer 
per 1000 Non-Smokers. 


Persons resident in : 


All areas, England and Wales. 


Men. Women. Persons. 


0-031 0-018 0-020 
0-070 0-091 0-090 
0-312 . 0-509 0-203 0-219 
The difference between any pair of rates for subjects of the same age group 
is, in no instance, as great as twice the standard error of the difference. 


* Between 0-000 and 0-017, depending on the proportion of the 14 female 
patients dying of lung cancer who were non-smokers. 


An opportunity to test the first assumption is provided through the courtesy 
of the Government Social Survey by the use of figures for the proportions of non- 
smokers in the population, obtained in the course of an independent inquiry. 
The subjects were interviewed in September 1951 and were a random sample of 
the whole population ; the definition of a ‘‘ non-smoker ”’ was the same as that 
used by Doll and Hill (1952). A minor point of difference was that the lower age 
limit of the youngest age group was 21 years, and not 25 years. The total number 
of subjects interviewed between the ages of 21 and 74 was 2,268; the numbers 
in each age and sex group were proportional to the numbers in the whole popula- 
tion and the numbers of men interviewed—particularly in the older age groups— 


were considerably smaller than the numbers used for the previous calculations. 
The results obtained by the use of the Government Social Survey figures for the 
estimation of the numbers of non-smokers living at June 30, 1950, are shown in 
Table V. They are in no instance grossly different from those shown in Table 


IV and in many instances the two sets of figures agree closely. 


TaBLE V.—Annual Death Rate from Lung Cancer per 1000 Non-Smokers using 
Government Social Survey Figures for Estimation of the Number of Non- 
Smokers at Risk. 

Persons resident in : 
Other a All areas, England and Wales. 


urban Rural 
areas. districts. Men. Women. Persons. 


0-030 —* : 0-030 0-021 0-023 
0-087 0-070 0-045 0-087 &4 
0-157 0-273 ° 0-368 0-190 0-202 


* Between 0-000 and 0-017, depending on the proportion of the 14 female 
patients dying of lung cancer who were non-smokers. 


With regard to the second assumption, it can only be said that the method of 
notification, by which patients were obtained for interview, and the reasons for 
which the interview failed to be completed on a number of occasions, do not 
suggest that the patients who were interviewed are likely to have been unrepre- 
sentative of patients with bronchial carcinoma (Doll and Hill, 1950 and 1952). 

Whether the third assumption is justified is a large question, with implications 
outside the limits of this paper: it has been discussed with regard to lung cancer 
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Age Greater 
= a (years). London. 
25- 0-006 
45- 0-085 
65-74 . 0-283 
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by Kennaway and Kennaway (1947). Errors of certification affecting the Regis- 
strar-General’s mortality data certainly occur in individual cases, but the 
picture of mortality provided is believed to be accurate in broad outline. In so 
far as there are greater inaccuracies of certification in one or other sex or in one or 
other part of the country, the main conclusions of the present paper are also 
erroneous. 

That the order of magnitude of the estimated rates is reasonable, may be 
illustrated by comparing them with the rates recorded by the Registrar-General 
for men and for women in different areas of the country (Registrar-General of 
England and Wales, 1952). From Fig. 1 it is seen that the estimated rates 
for non-smokers are (with one exception) slightly less than the rates for women 
in rural districts—that is, the lowest recorded by the Registrar-General. The 
exception, the rate for non-smokers aged 25 to 44, is derived from the ex- 
perience of the smallest number of bronchial carcinoma patients and is likely to 
be the least reliable; this rate lies between the lowest and the lowest but one 
of the Registrar-General’s rates. The estimated rates are, therefore, of the 
order which could be expected if they represented the basic minima independent 
of variable environmental factors. 


Proportion of deaths due to causes other than smoking. 


If the estimated rates for non-smokers are accepted as appoximately accurate, 
it is possible to calculate the number of deaths from lung cancer in persons between 
the ages of 25 and 74 which would have been expected, in the absence of smoking, 
by multiplying the populations given in Table I by the rates for all persons given 
in Table IV and adding the results for each age group. The number expected 
in 1950 would have been 1,875 ; the number which actually occurred was 11,189. 
It must be presumed that the other causes of lung cancer continued to operate 
irrespective of the use of tobacco, and it is, therefore, concluded that about one 
in five of the lung cancer deaths in persons aged 25 to 74 in 1950, were attributable 
to causes other than smoking. 


Sex ratio among non-smokers. 


Table IV shows no consistent difference between the estimated rates for men 
and for women ; and in the age-group 45 to 64, for which the rates must be pre- 
sumed to be the most reliable because derived from interviews with the greatest 
number of patients, the rates are most nearly equal. The data are, therefore, 
not grossly inconsistent with the hypothesis that in the absence of smoking there 
is no appreciable sex difference in the incidence of lung cancer. 

The closeness with which the data fit the hypothesis can be seen more readily 
if the rates for women (derived from greater numbers of non-smokers than the 
rates for men) are used to calculate the number of non-smokers among men with 
bronchial carcinoma who would have been expected to have been interviewed, 
if men and women suffered the same mortality. For example, the mortality rate 
for women aged 45 to 64, and resident in Greater London, is estimated to be 
60-6 /673,000 (Table IIT) ; the estimated number of male non-smokers in the same 
age and area of residence sub-group is 38,100 (Table III), so that the expected 
number of male non-smokers dying of lung cancer in 1950 is (60-6/673,000) x 
38,100 = 3-43. Altogether 1,473 men in this sub-group died of lung cancer, 
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ANNUAL MORTALITY PER 1,000 POPULATION 


GREAT! 
ot LON 


OTHER URBAN 
AREAS 


AGE IN YEARS 
Fic, 1,—-Lung cancer mortality, 1950, in men and women residents in different areas and in non- 
smokers. Men. — — — Women. Non-smokers (persciis). 


Lung cancer. 
Mortality per 1000. 


Class of persons. '25-. 
Men 
Greater London . 0-126 
Other urban areas 0-095 
Rural districts . 0-070 


Women 
Greater London . 0-028 
Other urban areas ' 0-028 
Rural districts 0-012 
Non-smokers (persons) 
All areas 0-020 
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LONDON 
a OTHER 
URBAN 
AREAS 
RURAL 
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° 
| 
ee e 25 45 65 75 
Age. | 
45-. 65-74. 
1-572 3-124 
1-264 2-006 
0-851 1-164 
0-194 0-440 
0-152 0-326 
0-120 0-288 
0-090 0-219 
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while 539 were interviewed (Table II); consequently the number of male non- 
smokers expected to have been interviewed is (539/1,473) x 3-43 = 1-26. The 
expected numbers are calculated similarly for each sub-group when, by addition, 
the total number of male non-smokers expected to have been interviewed is found 
to be 6-1. The number actually observed was 7. 

The conclusion that in the absence of smoking there is no appreciable sex 
difference in the incidence of lung cancer appears to be contrary to the observations 
reported earlier that the mortality among women in Greater London was lower 
than that among men at each level of tobacco consumption (Doll and Hill, 1952, 
Table XII). The tobacco consumption recorded was, however, the average 
amount consumed over the 10 years preceding the onset of the patient's illness 
and it is probable that this is not the only period during which smoking can contri- 
bute to the eventual production of a growth. In this country, women have not, 
as a group, been smoking for many years (Table V1) and if it is postulated that the 


TaBLE VI.—Annual Consumption of Tobacco by Men and Women 


at Different Periods. 
Annual consumption : Ib. per adult 
(aged 15 years +). 


Men. 


Women. Other 
Cigarettes Cigarettes tobacco 

Period. 
1881-90 0-0 
1891-1909 0-0 
1901-10 0-0 
1911-20 0-0 
1921-30 ‘ ‘ 0-2 
1931-40 0-8 
1941-50 2-4 


amount smoked more than 10 years before the onset of the disease is of signifi- 
cance in its production, it follows that the mortality in women will necessarily 
be lower than that in men, at each level of recent consumption. The observations 
recorded among smokers are, therefore, not incompatible with the findings among 
non-smokers. 


Mortality among non-smokers in different areas. 


From Table IV it appears that there are no consistent differences in mortality 
among persons resident in areas of different density of population. Moreover, 
the rates for Greater London, Other Urban Areas and Rural Districts are most 
nearly equal in the. age-group 45 to 64 in which they are likely to be subject to 
the least error. 

The essential similarity of the rates, in the absence of smoking, can be seen 
more readily by a method similar to that used for comparing the mortality in 
men and in women. Since there is no reason to presume that any one set of rates 
is more reliable than another, it is preferable to calculate the number of non- 
smokers with bronchial carcinoma, resident in each type of area, who would 
have been expected to have been interviewed, if the estimated rates for men and 
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for women for the whole country had held equally in all areas. The results 


are as follows : 
Number expected to Number 
have been actually 
interviewed. interviewed. 


Greater London . " 21-6 ‘ 21 
Other Urban Areas. 17-2 > 19 
Rural Districts . 8-8 7 


For no area is there any significant difference between the numbers of patients 
observed and expected and the data are, therefore, compatible with the hypo- 
thesis that, in the absence of smoking, the mortality from lung cancer is indepen- 
dent of density of population. If this hypothesis is correct it follows that the 
association found by Stocks (1952) between lung cancer mortality and the number 
of inhabited houses must be interpreted to mean, either that there is an association 
between the consumption of cigarettes and the number of inhabited houses or 
that the “‘ urban factor’ in the production of lung cancer (presumed to be an 
element of atmospheric pollution) is effective only in association with tobacco 
smoke. 


Specific occupational factors. 

Several occupations are known to have carried specific risks of lung cancer. 
In none, apart from the manufacture of coal-gas, have large numbers of men 
been employed, and they cannot have contributed an important proportion to 
the total number of cases occurring annually in Britain. 

Attempts to associate the development of lung cancer with any of the com- 


moner occupations, for example with those in which there is special exposure to 
coal dust or motor fumes, have so far been unsuccessful (Doll, 1953 ; Kennaway 
and Kennaway, 1947; Wynder and Graham, 1951). This may perhaps, be 
because real but weak factors have been masked by the greater effect of cigarette 
smoke ; in which case, it might be expected that their effect would be most 
readily seen amongst non-smokers. 

All the occupations in which the non-smoking patients with bronchial carci- 
noma had been employed for 3 or more years after leaving school are shown in 
Table VII. Two men had been exposed to wood dust for long periods and this 
has previously been suggested as being a possible predisposing factor (Wynder and 
Graham, 1951). One woman had been employed packing cigarettes in 
a tobacco factory. 

When occupational factors play a large part in the production of a disease 
it is usually found that one sex is predominantly affected, since the proportions 
of men and women employed in an industry are seldom equal. The absence of 
any clear indication of exposure to industrial risks in the occupational histories 
of the great majority of non-smokers with bronchial carcinoma accords with the 
finding that the sex incidences among non-smokers were approximately equal. 


Effect of previous respiratory diseases. 

It has frequently been suggested that other respiratory diseases may pre- 
dispose to the development of lung cancer. Special inquiry has, therefore been 
made into the history of past attacks of respiratory illness (Doll and Hill, 1952). 
It was concluded that “‘ the lung carcinoma group in comparison with patients 


| 
4 
! 
{ 
ie 
= 


LUNG CANCER AMONG NON-SMOKERS 311 


TaBLE VII.—Occupations in which Non-Smokers with Bronchial Carcinoma had 
been Employed for more than 3 Years since Leaving School. 
Occupation. 
Men. 

Joiner, 54 yrs. 

Fitter in engineering firm, 27 yrs. . 

Sorter in engineering firm, 7 yrs. and in fountain pen factory, 5. ™. “ie odd 
jobs ” (a blind man in sheltered employment) 

Flour miller, 4 YTS. 5 cattle food salesman, 5 = 

Clerk in carrier’s firm, 50 _ 

Army officer, 33 yrs... 


Women. 
Cigarette packer in tobacco areas 8 ™ 
French polisher, 10 yrs. 
Mender in woollen mills, 16 yrs. 
Sewer in dyers and cleaners, 4 yrs. . 
Tailor, 5 yrs. 
Dressmaker, 10 yrs. ; domestic, 26 yrs. 
Seamstress, 3 yrs. ; companion 40 yrs. 
Machine operator in chocolate biscuit factory, 5 cleaner, 1 13 yrs. 
Chocolate coverer, 3 yrs. ° 
Cook (in cafés, etc.), 42 yrs. . 
Waitress and barmaid, 9 yrs. . 
Washer up (in restaurant), 4 yrs. . 
Assistant in draper’s shop, 7 yrs. and in grocers and confectioners, 28 yrs 
Assistant in wine and spirit store 10 yrs. . 
Assistant in baker’s shop, 7 yrs. ; clerk 33 _—- 
Clerk in engineering firm, 6 yrs. 
School teacher, 7 yrs. . 
Music teacher, 30 yrs. 
Librarian, 3 yrs. 


Ironer in laundry, 16 yrs. 
Office cleaner, 3 yrs. ‘ 
Domestic, 

10 women aged: 51, 55, 56, 56, 57, 57, 66, 67, 71, 74 
No employment outside home, 

9 women aged: 45, 50, 53, 54, 58, 59, 60, 65, 66 


with other forms of cancer more often gave a history of a previous attack of 
pneumonia and of chronic bronchitis. Detailed analysis of the data suggests, 
however, that this difference may be due merely to the lung carcinoma patients, 
with their respiratory symptoms, recalling more readily than other persons their 
previous attacks of respiratory illness. The data are not accurate enough for 
an aetiological relationship to be postulated.”” No difference was found in the 
incidence of past attacks of asthma, chronic nasal catarrh, pleural effusion and 
pulmonary tuberculosis between the patients with lung carcinoma and those 
with other forms of cancer. The data did not suggest that the effect of smoking 
was through the intermediary of other respiratory diseases. 

Should, however, pneumonia and chronic bronchitis really predispose to the 
development of bronchial carcinoma independently of any association they may 
have with smoking, it might be expected that their effect would be seen more 
clearly among non-smokers than among the whole population, in whom another 
cause can frequently be implicated. The past history of respiratory illnesses has, 
therefore, been analysed in the 47 patients who were non-smokers and the inci- 
dence of each disease compared with the incidence which would have been 
expected from the experience of all patients with bronchial carcinoma of the same 
sex and age groups (Table VIII). It is clear that the data provide no evidence 
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Taste VIII.—Incidence of Past History of Respiratory Disease, Non-Smokers 
with Bronchial Carcinoma Compared with Ali Patients with Bronchial Carcinoma. 
Number with attacks, more than 5 years previously, of : 
Chronic 
Pneumonia. bronchitis. Asthma. catarrh. effusion. tubereuloel, 


Number 
of Ob- Ex- Ob- Ex- Ob- Ex- Ob- Ex- Ob- Ex- Ob- ——Ex- 
Sex. — served. pected = = = — served. — served. pected. served. pected. 
3 1-2 2 1 0 0-1 0 0-8 
6 5-0 ; 8-7 2 1 0 


9 6-2 9 9-9 1-1 2 5-2 0 


40 
47 


Men 
Women . 


9 


Persons . 


of any greater incidence of previous respiratory disease among the bronchial 
carcinoma patients who did not smoke than among those who did. 


SUMMARY. 

A “non-smoker ” is defined as a person who has never consistently smoked 
for as long as one year at the rate of as much as one cigarette or one gramme 
of tobacco a day. 

Estimates of the mortality rates from lung cancer among non-smokers 
are obtained from the Registrar-General’s figures for the number of deaths 
attributed to lung cancer and for the total population; and from the data 
obtained in a clinical inquiry into the proportion of non-smokers among patients 

‘with bronchial carcinoma and among patients with other diseases (excluding 
cancer of the oral cavity, respiratory tract or intrathoracic organs). The assump- 
tions required to enable the estimates to be made are bold and the number of 
cases of bronchial carcinoma among non-smokers is small. The rates obtained 
are, therefore, highly speculative, but it is thought that they are likely to be 
reasonably reliable since they are consistent with other experience. 

It is concluded : 

1. That one in five of the lung cancer deaths which occurred in persons aged 
25 to 74 years, in 1950, may be attributable to causes other than smoking. 

2. That the incidence of lung cancer in non-smokers may be the same in men 
and in women and in residents in areas of different density of population. 

3. That occupational hazards and the previous occurrence of certain eeeiatiiied 
diseases are unlikely to be of frequent aetiological importance. 


I am most grateful to the officers of the Government Social Survey for per- 
mission to make use of data collected during one of their inquiries and to trade 
sources for data of tobacco consumption, summarised in Table VI. I am deeply 
indebted to Professor A. Bradford Hill and Dr. J. O. Irwin for their help and 
advice. 
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ATTEmpPtTs to evaluate tetra-sodium 2-methyl-1 : 4-naphthohydroquinone dipho- 
sphate (Compound I, Synkavit) as a radiosensitiser in the radiotherapy of malig- 
nant tumours have been in progress since November, 1946. At first the compound 
was used alone and in conjunction with palliative X-ray therapy in some very 
advanced cases. It soon became evident that in general the compound alone had 
no therapeutic effect in malignant tumours. Then a general survey was under- 
taken of the use of large doses of Compound I mainly in conjunction with radio- 
therapy in patients with various types of advanced malignant tumours. At the 
same time, all cases of inoperable carcinoma of the bronchus were treated, if 
possible, by the combination of X-ray therapy and Compound I; the results were 
assessed mainly by survival times from the first X-ray treatment and the first 
sympton and were compared with those which had been obtained previously 
in the same department with X-ray therapy only, and which were very similar 
to the depressing results obtained by most of the workers. Slowly the difficulties 
of this type of clinical investigation were appreciated. Moreover in 1950 erratic 
results were encountered both in the clinical trials and in animal experiments. 
It seems likely that these findings were attributable to the thermal instability of 
Compound I in aqueous solution in the absence of oxygen (Mitchell and Simon- 
Reuss, 1952). Much more consistent results have been obtained since the ampoules 
have been stored in a refrigerator at about 3° C. 

The evidence obtained by these preliminary studies was sufficiently suggestive 
to justify further work, but the methods used were clearly inadequate. It became 
essential to employ properly designed methods for the clinical evaluation of radio- 
sensitisers. The importance of these methods was emphasised at the time by 
their use in clinical evaluation of chemotherapeutic agents in tuberculosis (Medi- 
cal Research Council, 1948, 1950). Investigations of this type in the study of 
radiosensitisers have been in progress since April 1951; as yet the only results 
available are for the treatment of inoperable carcinoma of the bronchus. 

The results of the earlier studies have been reported by Mitchell (1948, 1949a, 
19495, 1950, 1951). This work has been criticised by Gellhorn and Gagliano 
(1950). Otte (1949) reported briefly on the combination of X-ray therapy and 
some synthetic vitamin K substitutes in the treatment of 300 patients with advan- 
ced malignant tumours and claimed improved palliation. Berkman (1951) 
obtained results very similar to those of Mitchell by the combined use of X-ray 


therapy and Synkavit. 
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Selection of types of malignant tumour for investigation. 

It is suggested that a practical minimum requirement for usefulness of a 
radiosensitising chemical agent is that its employment in combination with radio- 
therapy should produce a mean survival time after treatment double that after 
radiotherapy only, for the type of malignant tumour treated. Hence taking 
into account the frequency distribution of the survival times, it is likely to be 
necessary to observe the cases treated by combined therapy for an interval of 
at least 6 times the mean survival after radiotherapy only. To this time must 
be added the time necessary to accumulate an adequate number of cases. 

This approach is limited to the study of types of malignant tumour in which 
the results of present methods of treatment are bad and in which the time of 
survival is short. 

Inoperable carcinoma of the bronchus is an obvious choice for investigation 
It is the only common type of malignant disease with a very short natural history. 
Despite advances, only a small proportion of all cases of carcinoma of the bron- 
chus are curable by surgery. Untreated patients are often very miserable. The 
results of treatment of inoperable cases by present methods, including radical 
X-ray therapy, are poor. Nevertheless X-ray therapy in general has sufficient 
palliative value apart from prolongation of life per se, to justify attempts to 
improve this. 

With X-ray therapy only, inoperable carcinoma of the bronchus appears to have a 
a rather uniform natural history. The results of many workers have been reviewed 
in a number of papers (e.g., Bjork, 1947; Shorvon, 1947: Ariel et al., 1950). 
In one of the earliest studies Schinz and Zuppinger (1937) reported that for 69 
cases, the mean survival time after the beginning of X-ray treatment was 4-4 
months ; 16 cases (23 per cent) lived more than 6 months and 4 cases more than 
l year. Dobbie (1944) found that of 111 cases receiving palliative X-ray therapy, 
26 per cent lived more than 6 months, and of 48 cases treated by radical X-ray 
therapy, 54 per cent lived more than 6 months after treatment. Fulton (1949) 
reported the following mean survival times from the onset of symptoms: for 
915 untreated cases 7-6 months, for 199 cases receiving palliative X-ray therapy 
9-0 months and for 190 cases treated by radical X-ray therapy, 14-7 months. 
The largest published series of treated cases appears to be that of Ariel et al (1950). 
The duration of life from the onset of symptoms of 723 patients who received X-ray 
therapy and for whom adequate data were available averaged 12-8 months. Of 
816 patients receiving X-ray therapy, the average duration of life after the first 
X-ray treatment was 4-2 months. Of these, histological evidence was obtained 
in 245 patients and their average survival from the first symptom was 14-3 months 
and from the beginning of X-ray treatment 4-5 months. From Fig. 7 of this 
paper, it can be deduced that of 729 patients, only 45 survived 8 months, 20 
survived 12 months, 8 survived 18 months and none survived 3 years following 
X-ray therapy. In this series, the best survival rate—4-7 months—was in a 
group of 80 patients who received a total dose as measured in air of 5000-6000 r ; 
higher and lower doses were associated with poorer results. The relation between 
survival time and tumour dose (and histology), has often been discussed, e.g., 
by Tenzel (1941), Adelman (1952). There appears to be a slow increase in mean 
survival time with increasing tumour dose except perhaps at the highest doses. 
Nevertheless, there is great individual variation. The survival time tends to be 
slightly greater in squamous carcinoma than in anaplastic carcinoma, but some 
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cases of adenocarcinoma, especially in women, have rather longer survival. The 
most important factor in determining survival is the extent of spread of the disease 
when treated. 

This evidence suggests that in representative series of cases of inoperable 
carcinoma of the bronchus receiving X-ray therapy, the mean survival from the 
beginning of treatment is about 4-5 months. Hence an investigation of a thera- 
peutic radiosensitiser is likely to yield a definite result in this disease in the time 
taken to collect at least 200 cases, say 3 years in a single department, plus six 
times the mean survival time after radiotherapy only, which is about 2} years, 
that is at least about 5 years in all. 

For any other form of malignant tumour with a substantially longer survival, 
direct studies of the mean survival times for radiotherapy with and without the 
radiosensitiser are not practicable. It would seem to be essential to devise methods 
of estimation of the results based on the mortality during the first few years. 
(cf. Boag, 1948, 1949, 1950.) 


PRELIMINARY GENERAL SURVEY 


By way of approach to the problem, a general survey was undertaken of the 
use of Compound I mainly in conjunction with radiotherapy in the treatment of 
patients with various types of advanced malignant tumours except carcinoma of 
the bronchus. Survival studies were not practicable at this stage. The criterion 
of assessment of the possible value of the compound was the observation of an 
unexpectedly good clinical response. It is appreciated that this criterion is to 
some extent unsatisfactory, and not necessarily sufficiently objective. It has 
been applied stringently. To try to minimise its shortcomings, all the cases to 
which it is applied have been followed until death, or for at least 34 years and in 
assessing the results the proportion of cases showing unexpectedly good response 
has been compared in the case of patients treated by means of radiotherapy com- 
bined with intravenous compound with those treated by radiotherapy combined 
with intramuscular compound. The results of various types of treatment of 
patients with advanced malignant tumours classified as inoperable, Stages IIT 
and IV, and recurrent of all types except carcinoma of the bronchus using Com- 
pound I in treatments from November, 1946 to July, 1949 inclusive, and assessed 
up to 31 December, 1952, are summarised in Table I for the cases verified histo- 
logically. An essentially similar table has been prepared showing the rather 
poorer results for 56 cases not confirmed histologically, but with reasonably 
certain diagnosis. The cases allocated to this preliminary survey were the great 
majority of the patients with advanced malignant tumours in which it was con- 
sidered that present methods of treatment were not likely to give satisfactorily 
results. When the survey was started it was not realised that the use of the com- 
pound by intravenous injection was likely to be more effective than its use by 
intramuscular injection. The allocation of the patients to treatments involving 
the two methods of administration of the compound were certainly not at random, 
and the possibility of bias by the use of intramuscular injection in the more 
seriously ill patients cannot be excluded. However, there is no reason to suppose 
that such bias would influence the proportion of cases showing unexpectedly 
sood clinical response. 

The results of the preliminary general survey summarised in Table I suggests 
that the proportion of cases showing unexpectedly good clinical response is greater 
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with radiotherapy combined with the compound administered by intravenous 
injection than with radiotherapy combined with the compound administered by 
intramuscular injection. It is emphasised that this conclusion must not be 
regarded as more than suggestive. 

Of the 131 cases verified histologically, 11 survived 4 years or more after 
treatment. Of these, 5 cases showed an unexpectedly good response. Three 
of these were treated by means of radical X-ray therapy combined with intravenous 
compound—one case of advanced carcinoma of the ovary and body of uterus with 
peritoneal metastases ; one case of advanced reticulo-sarcoma of bones and one 


TaBLE I.—General Survey. 


The results of treatment of patients with advanced malignant tumours— 
classified as inoperable, Stages III and IV and recurrent—of all types 
except carcinoma of the bronchus, treated with Compound I (Synkavit) 
from November, 1946, to July, 1949, and assessed to December 31, 1952. 
Cases verified histologically. 
Number of cases showing unexpectedly good response. 
Total number in group treated. 


™ 

Radical Radical Total 

X-ray X-ray Pal-  Pal- number 

Oral or or _liative liative of 

8 I-MS_ I-VS radium radium X-ray X-ray cases 
Oral pre- pre- pre- therapy therapy therapy therapy at 

Method of S I-VS vious vious’ vious aa + each 

‘ treatment. only. only. RT. RT. RT. I-MS. I-VS. I-MS. I-VS. site. 

ite: 
Mouth . 0/1 1; 3/3 2/8 6/1l 0/2 0/3 31 
Antrum and ethmoid — 1/1 2/4 5 
Larynx extrinsic (with 

1 case intrinsic) — of — 7 
Post-cricoid and oeso- 

p 1/2 1/2 oj2 of 7 
Stomach on —- — 1/6 10 
Colon and caecum — 0/2 1/1 _ 0/2 1/1 6 
Rectum . 1/1 — _ 0/2 0/3 6 
Cervix uteri iA. 88 7 
Body of uterus ont — — — if 2 
Ovary — 2/2 1/5 0/2 10 
Breast . - — of. of of 7 
Skin and lip 24 24 36 j— off 16 

All sites O/l1 2/11 2/3 1/3 8/15 7/20 18/35 2/20 4/23 131 


131 cases verified histologically : of these, 11 survived 4 years or more after treatment. 
56 very similar cases not confirmed histologically but with reasonably certain diagnosis ; of 
these, 2 survived more than 4 years after treatment. 


187 cases in all, followed for 34 years or more. 


Summary of results : Number of cases showing unexpectedly good 
nse out of total number treated. 
The difference between the two series 


All sites: Radiotherapy + I-VS. 28 /77 peal kena 

Radi ; y be regarded as suggestive if 
3-288. 13/65 applicable, x? = 3-83, P = 0-05. 

All sites excluding : The difference between the two series 

Redictherepy + I-V8. 37/68 may be significant if applicable: 


stomach and rec- - 
tum : Radiotherapy + I-MS. 13 /63 xe? a 6-19, “a 0-013. 
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case of advanced neuro-fibro-lipo-sarcoma of neck. One case of advanced car- 
cinoma of the body of the uterus was treated by means of palliative X-ray therapy 
combined with intravenous compound, and one case of carcinoma of the tongue 
recurrent after previous X-ray therapy was treated successfully by radival X-ray 
therapy combined with intramuscular compound. 
Of the 56 cases not confirmed histologically three survived more than 4 years 
after treatment. Two of these showed an unexpectedly good response ; one was 
a woman aged 46, who had a Stage IV carcinoma of the breast with supraclavicular 
glands, and was treated by means of radical X-ray therapy combined with intra- 
muscular compound, and the other was a case of a mixed parotid tumour which 
had failed to respond to further X-ray therapy, but appeared to be checked and 
rendered quiescent by intravenous compound only. An unexpected finding as 
shown in Table I for histologically positive cases is that 8 of 15 cases recurrent 
after radiotherapy showed an unespectedly good result when treated with intra- 
venous compound only. This is the only group in which any substantial pro- 
portion of cases appeared to improve with the use of the compound alone ; this 
finding requires confirmation. It is emphasised that in general the compound 
alone has no therapeutic effect in malignant tumours. 


Preliminary Clinical Trials in Inoperable Carcinoma of the Bronchus 

The initial studies of the ancillary use of Compound I on the survival times 
of inoperable cases of carcinona of the bronchus treated by X-ray therapy (Mit- 
chell, 1948, 1951) were prohably essential as a preliminary step to the design of 
a more satisfactory clinical trial. It is useful to summarise the end results of 
these studies. 

An attempt was made to study the influence of the ancillary use of the com- 
pound on the results of X-ray therapy by measurement of the time of survival 
both after the first symptom and after the first X-ray treatment and comparison 
of the survival times in the centrol group of cases, which was treated by X-ray 
therapy only and in the treated group which received X-ray therapy together 
with the compound. The results are treated by statistical methods. It is sugges- 
ted that estimation of the survival times, especially that from the beginning of 
X-ray therapy, is the most reliable criterion for objective assessment of the results 
of treatment. Special attention has been paid to the influence of the extent of 
the disease, age and sex, the histology, the minimum tumour dose and overall 
time of the X-ray therapy and the details of administration of the compound. 
The general principles involved in the consideration of these factors are essentially 
the same in these preliminary studies as in the later clinical trials and except where 
relevant, will be discussed in this connection. An attempt has been made to 
compare the effects of the compound as a radio sensitiser when administered by 
intramuscular and by intravenous injection. 


Selection of cases. 

The group defined as the treated group of cases of inoperable carcinoma of 
the bronchus received X-ray therapy together with the compound which was 
administered by intravenous and/or intramuscular injection, together with supple- 
mentary oral administration in a few cases. In the cases recorded, the first 
X-ray dose in the combined treatment was given in the interval from May 1, 1947 
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to December 31, 1949 inclusive. The results of treatment were reviewed as from 
December 31, 1952. This group of cases of inoperable carcinoma of the bronchus 
comprises all those cases referred in which the diagnosis is accepted as proven 
according to the criteria given below, with the exclusion of patients not likely to 
benefit by palliative X-ray therapy. No technically operable cases and no post- 
operative cases are included. 

The control group consists of those cases of inoperable carcinoma, of the bron- 
chus selected according to the same criteria, which were treated by X-ray therapy 
only, using similar methods, in the same department between 1943 and May, 1947. 
The difficulties of this method of providing a control group are recognised and 
inelude the possibility of introduction of serious errors of sampling. The use 
of alternate cases as controls was attempted but was abandoned as impractical. 
However, it has been shown that the relevant properties of the control and treated 
groups apart from the length of survival after treatment are substantially the same. 
It is found that the results of X-ray treatment in the present control group are 
substantially identical with those obtained in two large published series. (Fulton 
1949, Ariel et al., 1950). 


Classification of Cases. 
In both control and treated groups the most important cases are those com- 
pletely “‘ verified histologically ’ by the following methods : 


(a) bronchial biopsy ; this sub-group consists of 11 control cases and 26 
treated cases. 

(6) post-mortem examination ; this sub-group consists of 6 control cases 
and 2 treated cases. 

(c) biopsy of a homolateral supra-clavicular node, in conjunction with 
typical bronchoscopic appearances ; in this sub-group there was one 
control case and one treated case. 

The histological examination of the bronchial biopsy specimens was 
inconclusive. 

(d) the finding of cells consistent with malignancy in the sputum, together 
with typical bronchoscopic appearances; there was only one case, 
a control, in this sub-group (Table IT) and in this case there were terminal 
metastases in the liver. 

Thus of the cases described as “ verified histologically,” there are in all, 19 
in the control group, which was treated by X-ray therapy only, and 29 in the treated 
group which received X-ray therapy combined with administration of the 
compound. 

The larger proportion of cases verified histologically at post-mortem examina- 
tion in the control group than in the treated group is associated with the shorter 
survival time and the larger proportion of cases dying in hospital. 

In addition to the “ histologically verified ” cases, there are groups of control 
and treated cases in which the diagnosis is reasonably certain though less satis- 
factorily established. These groups are selected as follows : 

(a) cases not verified histologically but with typical bronchoscopic appear- 
ances, together with clinical and/or radiological evidence of metastases 
or infiltration at any stage ; this sub-group consists of 7 control cases 
and 9 treated cases ; 
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TaBLE II.—Clinical Therapeutic Trial of a Radiosensitiser. 


Summary or REsvtts. 

Treatment of inoperable cases of carcinoma of the bronchus with randomised allocation to alter- 
native treatments, X-ray therapy combined with intravenous Compound I (X + I-VS) and X-ray 
therapy combined with intramuscular Compound I (X + I-MS), which is the control group. 
Results assessed May 31, 1953. Cases No. 1-91 inclusive in which the first X-ray treatment was 
given between April 1, 1951, and December 31, 1952. 


Treatable less advanced male cases. 

Selected from these cases are those with no evidence of extra-thoracic spread or metastases in 
ribs at the first X-ray treatment and those in which the minimum tumour dose was not less than 
1200 r. For the present purpose, cases treated surgically at any stage, and female patients are 
excluded. Survival is estimated in months to the nearest month from the first X-ray treatment 
and also from the first symptom. 

Number of cases surviving 8 months or 
Group. more from first X-ray treatment. 
Total number of cases in each group. 


X+Lvs. X+ELMs. 
6/8 4/13 


(a) Histology oe) (one p.m, and sputum, others 
bronchial bio 
(b) Conclusive pa LU of malignant cells in sputum 
and /or bronchial aspirate. 3 /4* 0/3 
(c) Reasonably certain diagnosis with typical bron- 
choscopic and and 
clinical course. . 2/2 0/3 


Pooled Groups (a), (b) and (c) 11/14 4/19 

* In this group is included one case surviving 4 months from the first X-ray 
treatment and 10 months from the first symptom which was given intra-muscular 
compound because of incorrect suspicion of cerebral metastases. 

The difference between the proportion surviving 8 months or more from the first X-ray treatment 
in the two series is statistically significant ; for the pooled Groups (a), (b) and (c), z{,]* = 10-76, so 
that P = 0-001, and for the pooled Groups (a) and (b), x{,)* = 6-891, so that P = 0-009. 

Survival from the first symptom is a rather less sensitive and less objective test. In the pooled 
Groups (a), (b) and (c), the proportions surviving 12 months or more from the first symptom in the 
series X + I-VS and X + I-MS are respectively 11/l4and 8/19; z{, = 4-389, so that P = 0-037, 
which may be regarded as significant. 

Number of cases surviving 8 months or 


Other cases. more from first X-ray treatment. 
Total number of cases in each group. 


X+I-vsS. X-+ TMS. 


(d) Verified as in os ue (») but minimum tumour 
dose less than 1 ‘ ° 


(e) Male patients with extra-thoracic spread and /or 
metastases in ribs at first X-ray treatment. 


4 months) 


Pooled Groups (a), (b), (c), (d)and(e) . 4/30 


(f) Male patients treated surgically at some stage 2/3 
(g) Male patients with diagnosis not verified or not 
bronchiel carcinoma or adenoma. 3/8 


(h) Female patients, all groups except bronchial 
adenoma. 
(i) Bronchial adenoma (both male) 
(j) No X-ray therapy ; compound only ° ‘ 0 
For the unselected male patients with reasonably certain diagnosis in the pooled Groups (a), (b), 
(c), (d) and (e), the difference between the proportion surviving 8 months or more from first 
X-ray treatment in the two series is statistically significant; {,]* = 8-867, so that P = 0-003. 
‘The proportions surviving 12 months or more from the first symptom in the series X + I-VS and 
X + I-MS are respectively 16/25¢ and 10/31; xX," = 4-403, so that P = 0-037, which may be 
regarded as significant. 
t+ The case:-marked * above is transferred to the series X + I-MS. 


1/4 
0 


0/3 0/4 
(None (None 
survived survived 
3 months) 3 months) 
2/9 
(None 
survived 
more than 
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(b) cases with positive histology on biopsy specimens of supraclavicular 
nodes, cutaneous or other metastases but in which there was no bron- 
choscopy or the bronchoscopic appearances were not definite; this 
sub-group consists of 8 control cases and 8 treated cases ; 

(c) one case (treated) with typical bronchoscopic appearances together 
with metastases in the skin, confirmed histologically. 

These additional 15 control and 18 treated cases are usually more advanced 
and are in general less comparable than the “ histologically verified ’ cases but 
must be considered with them to give a complete picture. Of the combined 
series of ‘‘ confirmed cases,”’ there are in all 34 in the control group, which was 
treated by X-ray therapy only, and 47 in the treated group, which received X-ray 
therapy together with the compound. As anticipated the results of treatment of 
the “ confirmed cases ” are poorer than those of the “ histologically verified ”’ cases. 

Other groups of cases which cannot be included in the main part of this investi- 
gation may be summarised as follows : 

(i) Cases with typical radiological appearances together with metastases at 
some stage but not verified histologically and in which there was no bronchoscopy 
or the bronchoscopic appearances were not definite. In these cases the diagnosis 
can only be regarded as probable. In the control group, there are 12 cases; the 
’ mean time of survival is 8-50 months from the first symptom and 3-67 months from 
the first X-ray treatment. In the treated group, there are 13 cases; the mean 
times of survival are 12-15 months from the first symptom and 6-31 months from 
the first X-ray treatment. 

(ii) Cases rejected as unsuitable for palliative X-ray therapy. During the 
control period, there were 18 of these cases, of which 10 were histologically verified 
and during the period corresponding to the treated group, there were 7 cases of 
which only one was verified histologically. 

The enumeration of rejected cases is unsatisfactory because of selection by 
the physicians referring these advanced cases. 

Hence the total number of cases with a reasonably certain or probable diag- 
nosis of inoperable carcinoma of the bronchus is 131. The control group is drawn 
from a total of 64 cases, and the treated group from a total of 67 cases. 


Histology. 

Of the 19 verified control cases, there are 11 cases of stratified carcinoma, of 
which 7 are squamous and 4 non-squamous, 3 cases of adenocarcinoma, 4 of an- 
a plastic carcinoma and one unclassified. Of the 7 cases of squamous carcinoma, 
two showed keratinisation. 

Of the 29 verified treated cases, there are 17 cases of stratified carcinoma, of 
which 10 are squamous and 7 non-squamous, 3 cases of adenocarcinoma, 8 of 
anaplastic carcinoma and one an unusual poorly differentiated lesion. 

Of the 10 cases of squamous carcinoma three cases show definite keratinisa- 
tion ; in two further cases there is a suggestion of keratinisation. It is interesting 
to note that all these cases responded well to treatment. 


RESULTS. 


The control group was treated by X-ray therapy only, from 1943 to May, 
1947. The treated group was treated by X-ray therapy combined with tetra- 
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sodium 2-methyl-1 : 4-naphthohydroquinone diphosphate (Compound I, Synkavit) 
administered by intravenous and/or intramuscular injection from May, 1947 to 
December, 1949 inclusive. 


Cases verified histologically. 

Cases were verified histologically mainly by bronchial biopsy and/or post- 
mortem examination. 

Control group: X-ray therapy only. 

19 cases : mean survival 3-89 months from the first X-ray treatment and 11-00 
months from the first symptom. 

Only 1 case, who survived 15 months, survived more than 8 months from the 
first X-ray treatment. 

Three cases survived more than 15 months from the first symptom. 


Treated group: X-ray therapy combined with the compound. 

29 cases : mean survival 9-38 months from the first X-ray treatment and 17-55 
months from the first symptom. 

Of these, 15 cases survived more than 18 months and 7 cases more than 15 
months from the first treatment ; 15 cases also survived more than 15 months 
from the first symptom. 

The survival time from the first X-ray treatment is significantly greater in 
the treated group (mean survival 9-38 months) than in the control group (mean 
survival 3-89 months)—(n = 46 Student’s ¢ = 3-519, P= 0-001; using the 
logarithms of the survival times, ¢ = 4-046). Even if the cases which survived 
only one month from the first X-ray treatment are excluded, to meet the criticism 
of a possible difference in selection of the cases, the difference in survival after 
the first treatment between the treated group (mean survival 9-68 months) and 
the control group (mean survival 5-23 months) is still significant (n = 39, t = 
2-457, P is slightly less than 0-02). Considering the histological classification, 
the only type providing adequate numbers is the stratified carcinoma. The 
proportion of cases of stratified carcinoma is almost identical in the control (11/19) 
and treated (17/29) groups. Of the cases of stratified carcinoma surviving more 
than 8 months from the first X-ray treatment, there are 1 out of 11 cases in the 
control group and 11 out of 17 cases in the treated group; the survival must 
be regarded as significantly greater in the treated than in the control group ; 
(x2 = 6-32, P = 0-012). 

It is relevant to note that the frequency distribution of survival times after 
the first X-ray treatment is positively J-shaped for the control group and roughly 
symmetrical, probably approximating to lognormal for the treated group. There 
are significantly fewer short survivals in the treated group than in the control group, 
e.g., of cases surviving 3 months or less after the first X-ray treatment, there 
were 5/29 in the former and 12/19 in the latter; y,2 = 8-67, P = 0-003. It 
is suggested that this change in frequency distribution provides further evidence 
for the reality of the radiosensitisation. 

The survival time from the first symptom is significantly greater in the treated 
group (mean survival 17-55 months) than in the control group (mean survival 
11-00 months)—(n = 46, t = 2-624, P = 0-012). There is no significant differ- 
ence between the time interval from the first symptom to the first treatment in 
the control group (mean interval 7-11 months) and in the treated group (mean 
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interval 8-17 months). It is to be noted that the treated group includes one case, 
who had a history of 45 months’ duration before treatment and survived 3 months 
from the first X-ray treatment. 

Within the treated group, 20 cases were treated by X-ray therapy combined 
with the compound administered by intravenous injection or by both intramus- 
cular and intravenous injection. In this treated sub-group of 20 cases, the mean 
survival time is 11-05 months and is significantly greater than the mean survival 
time of 3-89 months in the control group of 19 cases (n = 37,t = 4-345, P <0-001). 

There is suggestive evidence that X-ray therapy combined with intravenous 
compound is associated with longer survival after the first X-ray treatment (18 
cases, mean survival 11-17 months) than is X-ray therapy combined with intra- 
muscular compound (11 cases, mean survival 6-45 months)—(n = 27, ¢ = 2-106, 
P = 0-04). 


All confirmed cases. 


Control group: X-ray therapy only. 

34 cases: mean survival 3-82 months from the first X-ray treatment and 10-00 

months from the first symptom. 
_ Only 2 cases, which survived 12 and 15 months respectively, survived more 
than 8 months from the first X-ray treatment and 4 cases survived more than 
15 months from the first symptom. 
Treated group: X-ray therapy combined with the compound. 

47 cases : mean survival 8-72 months from the first X-ray treatment and 15-45 
months from the first symptom. 

Of these, 18 cases survived more than 8 months and 8 cases more than 15 
months from the first X-ray treatment ; 16 cases survived more than 15 months 
from the first symptom. 

The survival time from the first X-ray treatment is significantly greater in 
the treated group (mean survival 8-73 months) than in the control group (mean 
survival 3-82 months) — (n = 79, t = 3-630, P < 0-001; using the logarithms 
of the survival times, t = 3-967). 

The survival time from the first symptom is also to be regarded as significantly 
greater in the treated group (mean survival 15-45 months) than in the control 
group (mean survival 10-00 months)—(n = 79, t = 2-678, P < 0-01). 

It is interesting to consider the proportion of cases surviving more than 15 
months from the first X-ray treatment out of the total number of cases with 
reasonably certain or probable diagnosis and including those cases rejected as 
unsuitable for X-ray therapy during the periods of observation. In these total 
groups, there are 64 control cases (including 8 rejected) of whom none survived 
more than 15 months from the first X-ray treatment and 67 treated cases (including 
7 rejected) of whom 9 survived more than 15 months. This difference between 
the control and treated cases is significant (v,2 = 7-25, P = 0-008 and excluding 
the cases rejected, y,.2 = 5-73, P = 0-017). 

In the group of confirmed cases, 6 control cases and 6 treated cases received 
radical X-ray therapy. For these control cases, the mean survival time is 14-5 
months from the first symptom and 6-3 months from the first X-ray treatment. 
For the treated cases the mean survival time is greater than 22-5 months from the 
first symptom and greater than 13-2 months from the first treatment. However, 
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the number of these cases is too small for the observed difference to be taken as 
a real one with any certainty. It is interesting to note that the mean survival 
from the first symptom in Fulton’s (1949) series of 190 cases treated by radical 
X-ray therapy was 14-7 months ; the closeness of the aggreement is fortuitous. 

This preliminary trial suggests that in the treatment of inoperable carcinoma 
of the bronchus the ancillary use of Compound I produces a smal! but useful 
increase in the length of survival. This finding is in accordance with the clinical 
impressions and the small improvement in length of survival appears to be 
associated with useful life. 

However, this study is not entirely satisfactory in that the control group 
treated by X-ray therapy only and the treated group which received X-ray therapy 
combined with the compound, were treated consecutively and not within the 
same period of time. 


Design of a Clinical Therapeutic Trial of a Radiosensitiser. 


The design of a clinical trial to evaluate any proposed method of treatment 
of cancer appears to be one of the most important problems in medicine at the 
present time. The basic principles involved are well understood as a result of 
the classical statistical studies of Fisher (1925, 1935) on the design of experiments, 
and on the work of Hill (1952) on the design of clinical trials. In general, in con- 
sidering therapeutic trials in the cancer field, the design must be capable of giving 
a completely convincing statistically significant quantitative result as efficiently 
as possible with a minimum number of patients and must be acceptable and above 
reproach from the moral and ethical points of view. The most important single 
feature of the design is random allocation of the patients to two or more alterna- 
tive forms of treatment the value of which is being compared. For assessment 
of the result of treatment, it is necessary to select relevant criteria capable of 
objective measurement such as the survival time suitably specified. At the same 
time, it is absolutely essential to provide for each individual patient treatment 
which is the best possible according to present knowledge. Accordingly, it may 
be, and probably often will be, necessary to plan to depart from what may be 
termed the theoretically ideal form of experiment with deliberate sacrifice of 
some information. 

In the present example of the attempted evaluation of tetra-sodium 2-methyl- 
1: 4-naphthohydroquinone diphosphate (Compound I, Synkavit) as a radio- 
sensitiser in the radio therapy of inoperable carcinoma of the bronchus, cases 
were allocated at random to one of two alternative forms of treatment, X-ray 
therapy combined with Compound I administered by intravenous injection (X + 
I-VS) and X-ray therapy combined with Compound I administered by intra- 
muscular injection (X + I-MS). The latter is regarded as the control group. 
The preliminary clinical studies and animal experiments suggested that the results 
of X-ray therapy combined with intramuscular compound (X + I-MS) were 
slightly better than those of X-ray therapy only, and that with comparable doses 
of compound it was likely that X + I-VS would produce better results than 
X +I-MS. The use of X + I-MS as the control group instead of, e.g., X-ray 
‘herapy combined with distilled water, almost certainly scarifices a small amount 
of information but was regarded as essential in order to give to each individual 
patient the best available proven form of treatment. This type of design of a 
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clinical therapeutic trial must be justified a posteriori. It is necessary to examine 
the possible importance of all the various factors which may be relevant including 
age, sex, extent of the disease at treatment, histology and/or cytology, the mini- 
mum tumour dose and overall time of radiotherapy, the total dose and overall 
time of administration of the compound and in particular the certainty of the 
diagnosis. Tests of heterogeneity must be made. It does not seem possible to 
estimate in advance the number of patients required. This will depend on the 
differences observed between the groups and subgroups. The results are likely 
to be of sufficient importance to necessitate the use of stringent criteria 
of significance. 

The randomisation was made on the basis of a provisional diagnosis of inoper- 
able carcinoma of the bronchus, made when the patient was first examined by the 
staff of the Department. Some of the cases were referred with histological evi- 
dence from bronchial biopsy. In other cases, there had been no previous investi- 
gation and the provisional diagnosis was based on clinical evidence only. 

All cases were investigated critically, as necessary, and every effort was made 
to obtain histological and/or cytological verification of the diagnosis. Almost 
all the sections have been reviewed by Dr. A. M. Barrett, of the Department 
of Pathology of the University of Cambridge. The samples of sputum have 
been examined mainly by Dr.J. H Dean. Iam indebted to Dr. D. B. Cruickshank, 
of the Sims Woodhead Memorial Laboratory, Papworth, for most of the reports 
on specimens of bronchial aspirate. Particular attention has been paid to the 
establishment of the diagnosis of carcinoma of the bronchus and the identifi- 
cation and exclusion of cases of bronchial adenoma and related tumours of low 
grade malignancy apparently arising in bronchial glands. The histological classi- 
fication of carcinoma of the bronchus is that employed by Dr. A. M. Barrett 
and may be summarised as follows : 

(1) Stratified carcinoma, either squamous or non-squamous, the degree of 
keratinisation or differentiation being noted, (2) adenocarcinoma, (3) anaplastic 
carcinoma, including ‘“ oat-celled ’ carcinoma, and (4) others, including ‘“ alveo- 
lar ”’ cell carcinoma and carcinoma not classifiable. The histological classification 
of carcinoma of the bronchus is often difficult because of the existence of inter- 
mediate types and is somewhat arbitrary in some cases. 

On the clinical side, a careful and full medical examination is made, including 
usually indirect laryngoscopy. It has been considered important to determine 
the extent of spread of the disease with special reference to the early detection of 
metastases in bones. The occasional cases originally considered inoperable and 
in which it has been found possible subsequently to carry out some type of surgery 
have been considered separately in the assessment of the results. The fate of 
every case included in the trial must be explicitly stated. 

To obtain randomisation, the serial number of the patient in the special regi- 
ster of cases of inoperable carcinoma of the bronchus was taken and the correspon- 
ding number read off in a table of random numbers ; Table xxxiii (vi) in Fisher 
and Yates (1948, p. 109) was used. For random numbers ending with an even 
number or zero, the patient was allocated to receive X-ray therapy combined 
with the compound administered by intravenous injection (X + I-VS); for 
odd random numbers, the patient was allocated to receive X-ray therapy combined 
with intramuscular compound (X + I-MS). If there are medical contraindica- 
tions to intravenous administration of the compound including cerebral metastases 
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and threatened laryngeal obstruction, where the possible risk of increased oedema 
might be dangerous, severe myocardial degeneration and impossible veins, and 
the random number corresponds to X + I-VS, the compound is given by intra- 
muscular injection, but the case is still classified as X + I-VS, with 2 suitable 
note. Similarly it may occasionally be desirable to administer the compound 
by intravenous injection to an individual patient in the group X + I-MS. This 
type of procedure avoids bias in that it leads to underestimation of the difference 
between the two groups. If any case is retreated, the compound is administered 
by the route previously used. 

For the purpose of this trial, the upper level of dosage of the compound admini- 
stered by intramuscular injection is kept at 100 mg. daily, while for intravenous 
administration the dose is increased to as high a level as is tolerated. For both 
I-M and I-V, the dosage is started with 25 mg. and increased daily in steps of 
25 mg. If any undesirable reaction such as excessive coughing, nausea, faintness 
or discomfort or pain in the chest is observed after intravenous injection, the dose 
is reduced to a level at which there is no such reaction and then cautiously increa- 
sed again on the following days, sometimes by steps of 10 mg. For most patients, 
for intravenous injections the best maximum daily dose appears to be 100 mg. ; 
many will tolerate 150 mg. and a few will tolerate 250 mg. It is often necesssary 
at the higher dosage levels to reduce the daily dose after a time. 

With regard to timing, in the series of cases the injections have been given as 
closely as possible to 30 minutes before starting the individual X-ray treatment. 
In many cases it was only possible to start the injections on the day of the first 
X-ray treatment, but whenever practicable, thei njections have been commenced 
3-5 days before starting the X-ray therapy in order to reach the higher dosage 
levels. In general, the injections are continued daily without interruption during 
the course of X-ray therapy and are stopped with the last X-ray treatment. 
The compound is never administered orally in this trial. 

In this trial, every endeavour has been made to employ the normal methods 
of X-ray therapy and to avoid any modification of the techniques as a result of 
the use of the compound. The X-ray therapy has been of conventional type using 
filtered 220 kVp X-radiation of H.V.L. 1-5 mm. copper, with radiographic 
checking of the thoracic field positions in most cases. In a large proportion of 
the cases only palliative X-ray therapy was considered justifiable ; the commonest 
technique used was with two fields, anterior and posterior thoracic, usually 15 15 
em. or 12-5 cm. diameter, with central minimum tumour dose 1500-2000 r given 
in 7 treatments in overall time 8 days. Radical X-ray therapy has been limited 
usually to patients in good general condition with a lesion considered to be local- 
ised though inoperable. For radical X-ray therapy, and also for palliative X-ray 
therapy in some cases, a four-field or six-field technique with beam direction 
has been used ; the field size varied between 8 x 6 cm. and 15 x 10 cm. but 
that used most often was 15 x 7cm. The treatment has been regarded as radical 

*when the minimum tumour dose is 3000 r or greater in overall time 42 days 
or less. It is to be noted that for most of the cases with overall time about 
39 days, the treatment was of “spaced ’’’ type, with 5 consecutive daily treat- 
ments, 9 days interval, then 5 consecutive daily treatments, 16 days interval 
and finally 5 more treatments. A treatment with M.T.D. 2400 r in O.T. 18 days 
has been classed as palliative and M.T.D. 5500 r in O.T. 58 days as radical. 

With regard to general medical treatment, pyridoxine has not been used for 
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radiation sickness, and the nitrogen mustards have not been used for attempted 
palliation of symptoms. 


RESULTS TO DATE. 


The results of this clinical trial as assessed on 31 May, 1953, are summarised 
in Table II. This deals with cases No. 1-91 inclusive in which the first X-ray 
treatment was given between | April, 1951 and 31 December, 1952. Some cases 
are still surviving so that additional evidence concerning the diagnosis may be 
forthcoming in a few of these and the estimates of survival time are necessarily 
incomplete. It is reasonably certain that any such new evidence will increase 
the differences observed between the two series. 

The total numbers of cases are 46 in the X + I-VS series, of which one recei- 
ved compound only with no X-ray therapy and 45 in the X + I-MS series. 
The fate of every case is accounted for in the Groups (a) to (j) of Table II. The 
small groups of male patients treated surgically at some stage (f) and female 
patients (h) are too heterogeneous and too small to be of value in investigation. 
Accurate diagnosis is of extreme importance in any studies of the treatment of 
carcinoma of the bronchus and appears to present greater difficulties than are 
commonly appreciated. The interpretation of bronchial biopsies is often diffi- 
cult and review of the sections has led to rejection of the diagnosis of bronchial 
carcinoma in three cases (No. 45, 63, 68). Positive histology on metastases in 
supraclavicular nodes, skin or bone is not necessarily evidence that the primary 
tumour is in a bronchus. Stringent criteria have been used in the cytological 
evaluation of malignant cells in sputum and bronchial aspirate. It is interesting 
that in Group (g) in which the diagnosis of bronchial carcinoma was unverified 
or probably incorrect, the results included some which at first consideration 
appeared to be among the most satisfactory. 

The evidence to date presented in Table II shows that both for the selected 
treatable male patients with less advanced inoperable carcinoma of the bronchus 
in Groups (a), (b) and (c), and for all the male patients, not treated surgically 
and with reasonably certain diagnosis in the Groups (a), (b), (c), (d) and (e), a sub- 
stantially larger proportion survive 8 months or more from the first X-ray treat- 
ment when this is combined with intravenous Compound I than when combined 
with intramuscular compound. The proportions are 11/14 for X + IV-S as 
compared with 4/19 for X + I-MS for pooled Groups (a), (b) and (c), and 13/26 
for X + I-VS as compared with 4/30 for X + I-MS for the pooled Groups 
(a) to (e). Survival statistics are as yet incomplete but in the pooled Groups 
(a), (b) and (c)—with transfer of the case marked * to the X + I-MS series 
—the estimated survival time from the first X-ray treatment is significantly 
larger in the X + I-VS series (mean survival 10-8 months) than in the X + 
I-MS series (mean survival 5-9 months)—(n = 31, t = 2-701, so that P = 0-011). 
As the number of cases increases, the significance of the various differences 
between the two series increases. 

Survival from the first symptom is a less sensitive and less objective test. 
In some of the groups, the differences between the times of survival from the 
first symptom in the two series are suggestive but not really convincing. For 
the pooled Groups (a), (b), (c), (d) and (e), if the case marked * is transferred to 
the series X + I-MS, the proportions surviving 12 months or more from the 
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first recorded symptom in the series X + I-VS and X + I-MS are respectively 
16/25 and 10/31; with Yates’s correction for continuity y,? = 4-403 so that 
P = 0-037; thus the difference between these two groups can be regarded as 
significant. 

It is necessary to consider the composition of the various groups in the two 
series in Table I. Histological classification is possible for all cases in Groups 
(a) and (b). There were no cases of adenocarcinoma. In the X + I-—VS series, 
there were 9 cases of stratified carcinoma—7 squamous including one mixed form— 
and 7/9 including one anaplastic carcinoma survived 8 months or more from 
the first X-ray treatment. In the X + I-MS series, there were 14 cases of 
stratified carcinoma of which 11 were squamous and of which only 4, 3 squamous 
and one non-squamous, survived 8 months or more from the first X-ray treatment. 
The difference in survival in these small groups in the two series is suggestive. 

The methods of X-ray therapy and administration of the compound are 
not significantly different in the two series and fortunately such differences as 
are found might be considered as tending in all instances to reduce the observed 
differences in survival between the two series. Considering the Groups (a), (b) 
and (c), for the 14 patients in the X + I-VS series, only one received radical 
treatment, and this case survived 8 months. The mean M.T.D. was 1,806 r 
delivered in mean O.T. 11-4 days ; and the mean amount of compound used was 
757 mg. administered in mean O.T. 12-4 days; for the 19 patients in the X + 
I-MS series, 4 received radical treatment and survived respectively 4, 6, 7 and 
6 months, the mean M.T.D. was 2,065 r delivered in mean O.T. 18-5 days and the 
mean amount of compound used was 950 mg. administered in mean O.T. 20 days. 
The age at treatment in the X + I-VS series had a mean of 58-1 years with 
extremes.of 44 and 72 years, and in the X + I-—MS series, a mean of 52-8 years 
with extremes of 40 and 68 years. 

None of these differences between the two series is statistically significant. 
For 31 degrees of freedom, for the differences for mean M.T.D., t = 0-924 and 
P = 0-36; for mean overall time of X-ray therapy t = 1-486, and P = 0-15, for 
mean amount of Compound ¢ = 1-01 and P = 0-32; for mean overall time of 
administration of Compound ¢ = 1-602 and P = 0-11; and for mean age at the 
first treatment ¢ = 1-621 and P = 0-11. 

Accordingly, it would appear to be justifiable to conclude that the results 
obtained so far in this clinical trial indicate that intravenous administration of 
Compound I (Synkavit) has a small but useful effect as a clinical radiosensitiser 
in the radiotherapy of inoperable cases of carcinoma of the bronchus. However, 
further evidence is desirable. 


SUMMARY, 


An attempt has been made to assess the clinical value of tetra-sodium 2- 
methyl-1 : 4-naphthohydroquinone diphosphate (Synkavit) as a radiosensitiser 
in the radiotherapy of malignant tumours. 

A preliminary general survey of the use of the compound in the treatment of 
patients with various types of malignant tumour other than carcinoma of the 
bronchus with follow-up for at least three and a half years is summarised. The 
v-esults suggest that the proportion of cases showing unexpectedly good clinical 
vesponse is greater with radiotherapy combined with the compound administered 
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by intravenous injection than with radiotherapy combined with the compound 
administered by intramuscular injection. 

Preliminary clinical studies of the influence of the ancillary use of the compound 
on the survival times of inoperable cases of carcinoma of the bronchus treated 
by X-ray therapy are discussed in some detail and the end results summarised. 

The design of a clinical therapeutic trial of a radiosensitiser is discussed, with 
special reference to the evaluation of tetra-sodium 2-methyl-1 : 4-naphthohydro- 
quinone diphosphate as a radiosensitiser in the radiotherapy of inoperable cases 
of carcinoma of the bronchus. The results of this clinical trial are summarised 
to date. 

It is concluded that intravenous administration of this compound (Synkavit) 
has a small but useful effect as a clinical radiosensitiser. 


In this work I have been helped by many colleagues at Addenbrooke’s Hos- 
pital. In particular I wish to thank Dr. A. M. Barrett and Dr. W. Paton Philip, 
and Miss E. J. Porter, Sister-in-Charge of the Radiotherapeutic Centre and 


her staff. 
I wish to thank Dr. F. Wrigley and Dr. A. L. Morrison, of Roche Products 


Limited, Wewyn Garden City, for supplies of Synkavit. 
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WHEN a carcinogenic agent is applied to the skin of a mouse epithelial hyper- 
plasia follows in the course of a week or two. If the applications are then stopped, 
the epidermis reverts to a histologically normal appearance, but if hyperplasia is 
again induced by the co-carcinogen croton oil, tumours of the skin will in due 
course be elicited. It is clear that the apparently normal skin has been altered 
in some way by quite a short treatment with carcinogen (a single application of 
a powerful carcinogen will suffice), so that further growth-stimulation by an agent 
not itself carcinogenic completes the process of tumour induction. Attention was 
first drawn to this phenomenon by Berenblum (1941). Mottram (1944) showed 
that a single application of 3:4-benzpyrene would suffice to produce tumours if 
followed by a course of croton oil paintings. In a full analysis of the factors invol- 
ved, Berenblum and Shubik (1947) adopted the terminology of Friedewald and 
Rous (1944), the effect of the preliminary carcinogen being described as the “ initia- 
ting’ factor, and that of the croton oil (co-carcinogen) as the “‘ promoting ”’ 
factor. Both these factors were conceived as causing changes in some of the 
epithelial cells themselves. 

There is evidence, however, that the effects of carcinogens are not attributable 
wholly to the direct changes brought about in the epidermis. Various authors 
have drawn attention to the progressive changes that occur in the dermis during 
experimental carcinogenesis of the skin. When the technique of grafting different 
components of the skin became available (Billingham and Medawar, 1951), an 
attempt to evaluate the relative importance of epidermal and dermal changes in 
the evolution of cancer was undertaken by Billingham, Orr and Woodhouse (1951). 
They transferred the fully treated epidermis alone to an untreated site prepared 
on the opposite side of the mouse’s thorax. In these conditions this epithelium 
no longer gave rise to tumours, though the reciprocal transfer of untreated epi- 
dermis to a bed cut in the carcinogen-treated site gave a yield of tumours 
approximately equal to what might have been expected had no operative treatment 
been undertaken. 

In view of these findings there appears to be another possible explanation of 
the phenomenon of co-carcinogenesis, namely, that after short treatment with a 
carcinogen the dermis is sufficiently altered to permit tumour induction when 
further epidermal hyperplasia is evoked by croton oil. We have therefore repeated 
the experiment of Billingham, Orr and Woodhouse (1951), and after healing of the 
graft have applied co-carcinogenic treatment. If under these conditions the tumour 
vield were to be restored support would be given to the two-stage cellular hypo- 
thesis of Berenblum and Shubik (1947). 
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Carcinogenic treatment. 

The preliminary carcinogenic treatment was similar to that reported in pre- 
vious experiments (Billingham, Orr and Woodhouse, 1951). White mice of mixed 
stock were kept in metal boxes, up to 6 in a box, and were fed on rat cubes (Hey- 
gate & Sons, known as the Thompson diet.) A drop of 0-3 per cent solution in 
acetone of 20-methylcholanthrene was applied with a glass pipette to the right- 
hand side of the thorax of each mouse. Applications were made once weekly 
for 12 weeks, and the animals were then left for 2 weeks before operation. 


Operative methods. 

These were identical with those described in the previous report. Operations 
were carried out under nembutal anaesthesia. The hair on the operation sites was 
clipped short and shaved and the skin surface then swabbed with cetavlon in 
70 per cent alcohol. 

Special operative techniques will be described under the sections dealing with 
individual experiments. 

After grafting experiments the operation field was dusted with sulphadiazine 
powder and a piece of “ tulle-gras”’ (vaseline impregnated gauze) was wound 
firmly round the thorax. Over this was wound a length of ‘‘ Gypsona ”’ plaster- 
impregnated bandage. The grafts were inspected after 10 days and re-dressed 
with plain bandage and plaster bandage under nembutal anaesthesia. After a 
further 10 days the dressings were finally removed. 


Experiment J : Transplantation of Carcinogen-treated Pure Epidermis to a 
Recipient Area cut in Normal Skin followed by Weekly Painting 
of the Grafts with Croton Oil. 

This experiment was designed to see whether the co-carcinogen, croton oil, 
would elicit tumours when applied to pure epidermis from carcinogen-treated skin 
which had been transplanted to a bed cut in normal skin. 

Sheets of pure carcinogen-treated epidermis were prepared in the manner of 
Billingham and Medawar (1951). The treated area of skin was first lightly smeared 
with vaseline, then stretched tautly over a finger. Shavings of skin were sliced off it 
of even thickness and as thin as possible (thin Thiersch grafts) with a No. 11 straight- 
edged scapel. The cutting of these grafts was greatly facilitated by the hyper- 
plasia of the epidermis due to the carcinogen treatment. The rectangular slices 
were floated raw side down on 0-5 per cent commercial trypsin solution and incu- 
bated at 38°C. for about 30 minutes. It was then possible to strip off the dermis 
with fine forceps. After rinsing the pure epidermis in Ringer’s solution it was 
placed on a “ half-thickness ” bed prepared on the untreated side of the thorax 
of the same animal by removing Thiersch shavings in the manner described above. 
The usual dressings were applied. 

About 4 weeks after the grafting operation, the painting of the grafted site 
with 0-5 per cent croton oil in acetone was commenced. Paintings were continued 
once weekly for the rest of the life of the animal. 

In some cases tumours which appeared on the original carcinogen-treated 
site were removed to prolong the life of the animal. 

The results are shown in Fig. 1. Animals not surviving at the time of appear- 
ance of the first tumour are not included. Tumours appeared on the original 
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Fie. 1.—Experiment J: Each horizontal strip represents the survival of a mouse after the 
grafting operation (life line). Oblique shading represents a papilloma, solid black shading a 
malignant tumour. An oblique line cutting the life line indicates operative removal of a 
tumour. 

The rate of appearance of tumours on the original methylcholanthrene-treated area 
after removal of thin Thiersch grafts is indicated by the shading én the life line. The rate 
of appearance of tumours on carcinogen-treated pure epidermis transplanted to a site in 
normal skin and treated with croton oil is indicated by ape ig blocks of shading above 
the life line. Persistent tumours on the grafted site are marked G 
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treated site after removal of thin Thiersch grafts in 16 out of 37 animals. In 
10 cases these tumours were removed to prolong the life of the animal. In 7 
of these further tumours occurred, but 3 of them later regressed. The time range 
from operation to the appearance of a first persisting tumour was from 0 to 420 days 
with a mean time of 48 + 27-6 days. Tumours removed operatively are included 
in the persisting group of tumours, as it is obviously impossible to know whether 
they would have undergone regression. Of the tumours found on the original 
treated site, 7 were squamous carcinomata, 8 were horny or squamous papillomata 
and 1 was an angioma. 

Tumours appeared on the grafts of carcinogen-treated pure epidermis trans- 
planted to a site in normal skin and later painted with croton oil in 6 animals. 
In 2 cases (No. 4189, 4193) they regressed. Of the remaining 4 (No. 4163, 4165, 
4185, 4191) 3 were papillomata arising after 56, 66 and 148 days, and 1 was a 
carcinoma arising after 136 days. The survival of mice after grafting ranged 
from 40 to over 430 days, with an average time of 210 + 17-5 days. 

Since croton oil alone is known to produce an occasional tumour, a control 
group of otherwise untreated animals was similarly painted with croton oil. Per- 
sistent tumours appeared on the croton-oil-painted site of 3 out of 37 control 
animals in 247 to 258 days (mean 251 days); there were also 3 tumours which 
later regressed. The survival of these mice from first croton oil painting ranged 
from 173 to 330 days ; some are still alive and under observation. These times 
are not, of course, comparable with those for the experimental animals, where 
the datum line was placed at the time of grafting. 

The total incidence of tumours on the grafted site is thus not very different 
from that induced by croton oil alone. There is a qualitative difference in that 
one of the tumours on the grafted site became conventionally malignant. By com- 
parison, the original treated site yielded tumours in 16 of the same animals, 8 of 
them clinically and histologically malignant, without co-carcinogenic treatment 
on that site. 

The results in general of this experiment do not support the view that the 
transplanted epidermis contained latent tumour cells. The result is not, of 
course, unequivocal, but the occurrence of a single carcinoma does not suggest 
that many irreversibly altered cells can have been present. 

An attempt is in progress to find the effect of preliminary grafting of normal 
skin, followed by treatment with croton oil, in order to see whether the operative 
treatment of the dermis modifies the effect of croton oil. It is technically difficult 
to prepare pure epidermal grafts of normal thoracic epidermis, but experiments 
are in progress with re-implanted Thiersch grafts. 


Experiment K : Reimplantation of a Pinch Graft cut from 
Carcinogen-treated Skin. 

Billingham, Orr and Woodhouse (1951) made a few observations on the effects 
of cutting pinch grafts from the carcinogen-treated area, and reimplanting them 
at the same site. These experiments were undertaken to control the results of 
transplantation and in particular to make certain that the detachment of the 
superficial skin was not in itself the reason for the paucity of tumours when it 
was transplanted. The reimplantation experiments showed that this was not so, 
and rather unexpectedly seemed to indicate an increased incidence of tumours 
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in number, size and rapidity of appearance. These experiments were not, however, 
controlled in such a way as to make this finding reliable, so the observations have 
been repeated alongside simultaneous control observations on carcinogen-treated 
non-operated mice. 

Pinch grafts of skin from the carcinogen-treated site were prepared in the 
following manner : The centre of the treated area was pinched and pulled upwards 
with watch-maker’s forceps, the points of which had been bent inwards. The 
“tent ” of skin thus produced was sliced round at the base with a No. 12 curved 
scalpel. The panniculus carnosus muscle and panniculus adiposus, which 
interfere with healing of grafts, were carefully trimmed off the under-surface 
with fine curved scissors. The grafts were then replaced and the surrounding 
gap, caused by retraction of the skin around the wound, was dusted with sterile 
animal charcoal to mark the graft position. The grafts measured 1-0 to 1-5 cm. 
in diameter. In some cases the charcoal was smeared all over the graft beds. 
The usual dressings were then applied. 

The results are shown in Fig. 2. 

Of 17 grafted mice surviving beyond the time of first tumour appearance, 11 
produced tumours, but these regressed on 5 animals so that only 6 mice had tumours 
present at death. On 3 of these mice persistent papillomas first appeared on the 
grafts themselves after 57, 70 and 85 days and the first became malignant after 
80 days. Four animals had persistent tumours in the bridge epithelium over the 
scar surrounding the graft. These appeared earlier, after 20, 20, 29 and 35 days, 
and 3 became malignant after 78, 110 and 208 days. Three animals developed 
persistent tumours completely outside the operation area after 57, 65 and 65 
days. Five regressing tumours occurred on grafts, 1 on the scar and 1 outside. 
The survival of the mice after grafting ranged from 38 to 250 days (mean 123 
+ 13-6 days.) 

Control mice were painted with methylcholanthrene at the same time, and 
received no other treatment. Of 24 control mice surviving beyond the time of 
first tumour appearance 11 produced tumours, of which only | regressed. The 
tumours appeared after 8 to 200 days (mean 42 + 17-3 days) from the time of 
grafting the experimental group of animals. Eight tumours became malignant 
after 20 to 100 days. The mice survived after grafting for 38 to 230 days (mean 
98 + 11 days). 

It will be seen that 70 days after the reimplantation more tumours were present 
on experimental animals that controls, and it seemed that the tumour production 
was indeed being augmented by the grafting operation as in the previously repor- 
ted experiment. However, after about 100 days several tumours on the experi- 
mental animals regressed—a much less frequent occurrence in control animals. 
The outcome was that the proportion of animals bearing tumours at their deaths 
was no greater in the grafted animals than in the controls. The termination of 
the earlier experiment by killing at 90 days the surviving mice may have resulted 
in tumours being counted which would have regressed if the animals had been 
allowed to live. 

Another observation made in this experiment was the tendency for tumours 
to arise in the bridge epithelium over the scar surrounding the graft rather than 
on the graft itself. The area of the scar surrounding a graft was of the order of 
one-sixth of the area of the graft yet there were as many persistent tumours in 
scars as on grafts themselves. 
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Fic. 2.—Experiment K: The rate of appearance of tumours in the bridge epithelium over 
the scar around the reimplanted pinch graft of carcinogen-treated skin is indicated by 
shading in the life line and persistent tumours by the letter s. Tumours arising on grafts 
themselves are shown by shaded blocks above the life line and persistent ones by the letter c. 
Tumours arising outside the grafts are shown by shaded blocks below the life line and persis- 
tent ones by the letter 0. Tumours arising on control animals are shown on the right. 


Shading as in Fig. 1. 


Experiment L : Reimplantation of Thin Thiersch Grafts cut from 
Carcinogen-treated Skin. 

In this experiment thin Thiersch grafts were removed from the carcinogen- 
treated area as described in Experiment J. As great an area of the carcinogen- 
treated skin as possible was taken off and the pieces were then planted back again, 
in some cases after smearing the graft beds with animal charcoal to mark them. 

The results are shown in Fig. 3. 

Persistent tumours appeared on the grafted sites in 7 of 15 mice after 47 to 
108 days (mean 79 + 9-4 days). In addition 3 tumours appeared which later 
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regressed. Six of the persistent tumours became malignant. One tumour 
appeared outside the grafted site and became malignant. The mice survived 
from 69 to 230 days (mean 124 + 12-5 days). 

Tumours appeared on 5 out of 18 control ungrafted mice after 16, 20, 23, 24 
and 200 days. All became malignant. The mice survived from 38 to 230 days 
(mean 99 + 14-2 days). 
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Fic. 3.—Experiment L: The rate of appearance on reimplanted Thiersch grafts of carcinogen- 
treated skin is indicated by shading in the lifeline. Blocks of shading below the line indicate 
tumours outside the grafted area. Tumours arising on control animals are shown on the 
right. Shading as in Fig. 1. 


There was a delay in appearance of tumours on the grafted animals when 
compared with control animals. Again a number of tumours appearing on the 
grafted sites later regressed. The final yield of tumours in the control animals 
was considerably lower in this experiment than in some of the others, for instance 
Experiment M below. This emphasises the necessity, in all quantitative com- 
parisons of relative carcinogenic phenomena, of making simultaneous control ob- 
servations with mice derived from the same population. Factors which may 
affect tumour production may vary from one experiment to another. Some of 
them, such as age, sex and diet are fairly easy to control. Others, such as range 
of temperature and amount of carcinogen administered, may be less easily control- 
led. The genetic make-up of the animals may vary considerably in a mixed stock 
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of animals such as were used in the present experiments. Parasites and infections 
may strike at any time. 


Experiment M : The Insertion of Cotton Threads into the Dermis 
of Carcinogen-treated Skin and their Removal after 2 Weeks. 


Orr (1934 and 1935) showed that preliminary alteration of the dermis, by the 
introduction of linen threads and their subsequent removal before treatment 
with a carcinogen led to a significantly earlier appearance of tumours. We 
thought it of interest to see what happened if the threads were introduced after 
the standard preliminary carcinogenic treatment of the present experiments. 

Fine white cotton button-thread was threaded into the finest ordinary sewing 
needle which would take it and then sterilised. The needle was inserted into 
the skin of the anaesthetised mouse just outside the carcinogen-treated site. It 
was passed through the dermis of the treated area as near to the surface as pos- 
sible, endeavouring not to injure the treated epidermis itself, and out through 
the surface beyond the treated area. The cotton was carefully pulled through and 
the procedure repeated again under another part of the treated area. The thread 
was passed under the treated skin in both directions about half a dozen times 
in all and left in situ for 2 weeks. At the end of this time the projecting loops of 
cotton were cut and the threads carefully pulled out of the skin under anaesthesia. 
Unfortunately the threaded area had not been covered over and many of the mice 
had scratched and tugged at the loops of thread, resulting in some damage to the 
carcinogen-treated epidermis itself. 

The results are shown in Fig. 4. 

Of 15 threaded mice, 14 developed persistent tumours after 14 to 280 days 
(mean 43 days). All showed malignant changes except one. If the tumour 
which arose after 280 days in an exceptionally long-lived mouse is not counted, 
the mean time of appearance of persistent tumours is reduced to 24-5 + 2-4 days. 
Three mice produced tumours which later regressed. The mice survived from 
50 to 360 days after operation (mean 140 + 18-9 days). 

Of 16 control animals, 12 developed tumours after 7 to 50 days (mean 22 + 3 
days). Ten tumours showed malignant changes later. The mice survived from 
22 to 280 days (mean 102 + 17-9 days). 

Almost all animals, both experimental and control, produced tumours, and 
there was no evidence that the tumour yield was significantly augmented. There 
was perhaps a very slight delay in the onset of malignancy in the experimental 
animals. 


Experiment N : Local Heating of the Dermis of Carcinogen-treated 
Skin by means of a Small Electric Current. 

This experiment was an attempt to alter the dermis of the carcinogen-treated 
site in a more controllable fashion. Three fine constanton wires were threaded 
into fine sewing needles. Each needle was passed through the dermis below 
carcinogen-treated skin for a distance of 2 cm. The wires were then fixed in 
parallel with one end of each wire in one of two brass clamps. Each wire was 
adjusted to a length of 6 cm. between the two clamps so that each would have 
the same resistance and thus produce the same amount of heat. The clamps 
were wired up in series with dry accumulators giving 4 volts, a D.C. ammeter 
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reading to 2 amps., a variable resistence and a key. Preliminary trials had been 
made to find the maximum dosage (in terms of current and time) which could be 
used without inflicting histologically demonstrable damage to the epidermis. A 
current of 1-75 amps. was passed for 20 seconds, and the wires withdrawn. 

The result of the experiment are shown in Fig. 5. Persistent tumours appeared 
on 10 of 19 experimental animals in 9 to 92 days (mean 35 + 7-9 days). Eight 
tumours later showed malignant changes. The mice survived from 11 to 214 
days (mean 82 + 20-3 days). 
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Fic. 4.—Experiment M: The rate of appearance of tumours on carcinogen-treated skin, into 
the dermis of which cotton threads had been inserted for 2 weeks. Shading as in Fig. 1. 


Thirteen of 16 control mice showed persistent tumours in 7 to 170 days (mean 
40 + 11-5 days). They all showed malignant changes in from 22 to 185 days. 
The control mice survived from 28 to 280 days (mean 128 + 20-5 days). 

It will be seen that there was no increase in tumour yield in the experimental 
group of animals. 


DISCUSSION. 


When epithelium which has been subjected to prolonged treatment with car- 
cinogen is removed from its original site and grafted to a bed of normal dermis 
which has not been exposed to the action of a carcinogen, its capacity to give 
rise to tumours is practically eliminated. Up to the present such grafted epi- 
thelium has never produced a tumour in the absence of further treatment, and it 
has now been shown (Experiment J) that when it is stimulated to hyperplasia by 


4251 
4264, 4276-22 
42,77 bezzzzzzzzzz 
426 
42.71 4317-—— 
3 
= 4284-22 43492 
435 4377] 
4357 4378] 
| 


JUNE MARCHANT AND J. W. ORR 


croton oil, the tumour yield is only very slightly greater than that obtained by 
croton oil on otherwise untreated skin. Of the few tumours so produced, all except 
one were papillomata, which appeared somewhat earlier than might have been 
expected with croton oil on previously untreated intact skin. The single excep- 
tional tumour was a carcinoma, an unusual occurrence with simple croton oil 
treatment, but it has to be remembered that grafting was delayed up to the time 
that tumours were already beginning to appear on the original methylcholanthrene- 


Experimental animals Control animals 


4358 
436i 
4369 
4370 4345 
4372 4348 
4373 4349 
4374 4375 
4381 4376 
4382 4377 
4383 4378 
4384 4379 
4385 4380 
4386 4388 


4401 
4436 


4442 
4443 
4437 
4459-—— 4438 
4460-—— 4454 


0 100 = 200 0 100 
Days after passage of electric current 


Fic. 5.—Experiment N: The rate of appearance of tumours on carcinogen-treated skin after 
passage of electric current through wires inserted into the skin. Shading as in Fig. 1. 
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treated site, and it is possible that the graft at the time of transplantation already 
contained a small, clinically indetectable tumour. The effect of section of the 
dermis on the results of croton oil applications was unfortunately not investi- 
gated, but experiments are in progress to see whether this in itself might account 
for the slight acceleration of tumour induction. 

The original carcinogen-treated site, on the other hand, yielded as many 
tumours, including carcinomata, as might have been expected had its epidermis 
been left in situ. Here the superficial epithelium, from which in general these 
tumours originated, was presumably derived partly from outgrowth from the 
severed hair follicles and partly from ingrowth of the surrounding epidermis. 
No co-carcinogenic stimulus was applied at this site. The conclusion that the 
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effect of methylcholanthrene on the subepidermal tissues is material in its carcino- 
genic action seems to us irresistible. 

Theories of chemical carcinogenesis have usually been based on the conception of 
an intrinsic change in the parent cell of the tumour itself. The results of Berenblum 
and Shubik (1947) were explained on this basis by postulating a two-stage process, 
the first stage being the alteration by a sudden and irreversible process of a few 
normal epithelial cells into latent tumour cells, the second the conversion of these 
latent cells into visible tumours. The first stage (“ initiating process ”’) requires a 
carcinogen ; the second (“ promoting process ”’) can be brought about by various 
non-carcinogenic hyperplasia-inducing factors, of which croton oil is the most 
fully analysed. It appears to us that the facts elicited by Berenblum and Shubik 
are explicable without reference to the conception of latent tumour cells, and that 
an irreversible change inflicted on the carcinogen-treated site as a whole, and 
perhaps particularly on the supporting tissues, would explain the observed pheno- 
mena of co-carcinogenesis. In one respect the view we put forward offers a more 
satisfying basis for one of the Berenblum and Shubik findings. They showed 
that even after as long an interval as 20 weeks between the initial painting with 
carcinogen and the subsequent croton oil treatment, the total tumour incidence 
remained undiminished as compared with shorter intervals. If, therefore, latent 
tumour cells were there all the time, it would be necessary to assume that they 
did not participate in the normal processes of desquamation. It is also relevant 
to point out that Blum (1944) has analysed the results of carcinogenesis by mathe- 
matical methods, and reaches the conclusion that the available data are not 
consistent with the hypothesis of a discontinuous two-stage process. 

If the dermal and subcuticular changes are of importance to carcinogenesis, 
the most obvious way-in which they could act would be by interference with 
the nutrition and metabolism of the overlying epithelium. The latter does not 
carry blood vessels, and is dependent on the functional effectiveness of the 
stromal tissues. It has previously been pointed out that the rate of evolution 
of the dermal changes (in simple treatment with a carcinogen) is of the same 
order as the potency of the carcinogen in terms of time taken to produce tumours. 
It may therefore be asked why a single application of a carcinogen followed by 
a co-carcinogen is effective at all in the induction of tumours. A possible ex- 
planation is that the hyperplastic epithelium following the co-carcinogen is 
susceptible to degrees of dermal change and vascular impairment which would 
not effect normal epithelium or epithelium in a less vigorous state of multi- 
plication. When the proliferating epithelium is making heavy metabolic demands 
it is possible that the supporting tissues would reveal functional inadequacy before 
structural changes were histologically demonstrable. 

In the healing of wounds the first-formed fibrous tissue consists of fine dis- 
orientated reticulin or procollagen fibres, which later become converted to thick, 
densely-packed collagen fibres orientated in bundles parallel to the skin surface 
(Hunt, 1941). In carcinogen-treated skin the changes are more or less reversed ; 
the normal parallel bundles of collagen fibres gradually become converted to 
loosely-packed disorientated fine fibres (Déderlein, 1926: Orr, 1938: Howes, 
1946). It is only possible to surmise what part the reconstitution of the dermal 
collagen plays in the cessation of proliferation of wound epithelium, and what 
influence its disintegration has on the enhancement of epithelial growth 
in neoplasia. 
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The reimplantation studies of Experiments K and L necessitate some modi- 
fication of the conclusions drawn from the previous reimplantation of Billingham, 
Orr and Woodhouse (1951). It is now found that this treatment does not appre- 
ciably alter the ultimate tumour yield, because the apparent increase in the period 
immediately following the operation is offset by the regression of several of 
these “explosive” tumours. It was suggested that the previous result might be 
accounted for if the operative treatment accelerated the establishment of optimal 
conditions for the evocation of tumours It remains not impossible that this 
is so, and that subsequent regression of some of these tumours was dependent 
on the ischazmic conditions in the dermis and subcutis developing further to a 
point at which the vascular conditions were inadequate to maintain the tumour. 

In experiments of the type recorded here, it is necessary to consider the effects 
of mechanical trauma on the yield of tumours. Experiments such as those of 
Lipschiitz (1924), Mandl and Stéhr (1924), Déderlein (1926) and Deelman (1927) 
indicated that trauma of a previously tarred area tended to provoke tumours 
closely related to the sites of the healed wounds. More recently Pullinger (1943) 
obtained results similar to those of Deelman using a pure chemical carcinogen. 
MacKenzie and Rous (1941) and Friedewald and Rous (1944) obtained a high 
incidence of tumours around healing wounds produced by punching holes in the 
ears of rabbits after carcinogen treatment. It was on the basis of this work that 


- the conception of initiating and promoting factors, later adopted by Berenblum 


and Shubik (1947) was based. 

In almost all such work, attention has been almost exclusively directed to the 
epithelial cells, but Linell (1947) showed that there was a difference between 
superficial and deep trauma. He found that superficial trauma involving the 
epidermis alone did not lead to an increased tumour incidence, whereas deeper 
trauma involving also the connective tissues was followed by an increased tumour 
response in the region of the scars. The insertion of threads into the sub-epidermal 
tissues without operative treatment of the epidermis itself resulted in an accel- 
erated incidence of tumours in mice which were subsequently painted with car- 
cinogens (Orr, 1934, 1935). In the present experiments, however, trauma to 
the sub-epidermal tissues inflicted subsequent to the carcinogenic treatment has 
not increased the rate of tumour appearance. 

It is clear that the relationship of trauma to carcinogenesis requires much 
more detailed analysis than has so far been given to it, more especially when 
changes in the connective tissues come under consideration In particular it 
seems to be necessary to distinguish carefully between the immediate effects of 
trauma (e.g., cellular multiplication) and those due to the presence of scar tissue. 
Present evidence would suggest that the latter process is of greater importance 
in modifying the reactions of the overlying epithelium to carcinogens in mice, 
though Linell (1947) found that if holes were punched in the ears of rabbits first, 
and carcinogen applied to the ear after healing of the holes, there was not an 
increased incidence of tumours. 


SUMMARY. 


Stock outbred white mice were painted with 20-methylcholanthrene in acetone 
once a week for 12 weeks. After this treatment a high proportion of such mice 
develop local skin tumours without further treatment. 

Pure epidermis, completely freed from dermis, was transplanted from the 
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treated site to the opposite side of the animal’s body. This grafted epidermis was 
then treated with croton oil in acetone once a week for the remainder of life. 
Thirty-seven such grafts yielded only one carcinoma. The small number of 
papillomata which appeared in addition was not greatly different from that ob- 
tained with simple treatment by croton oil alone in control animals. Numerous 
tumours, including carcinomata, appeared on the original treated donor site. 

Re-implantation of pinch grafts and thin Thiersch grafts into the site from 
which they were cut in the carcinogen-treated skin did not result in an increased 
incidence of persistent tumours. There was an increase in regressing tumours. 

Trauma to the treated dermis (by temporary insertion of threads or by electri- 
cally heated wires) did not increase the incidence of tumours. 

The present results, like those previously reported, suggest strongly that both 
the epidermis and dermis (and possibly deeper structures) are involved in the 
carcinogenic action of methylcholanthrene. In particular, they are difficult 
to reconcile with the two-stage epithelial hypothesis of Berenblum and Shubik 
(1947). 


We are indebted to Dr. R. Knight of the Physics Department, for his help 
in Experiment N. 
This work was supported by the Birmingham Branch of the British Empire 


Cancer Campaign. 
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By studying the life of various kinds of spontaneous and induced tumors in 
animals, it has been found that they sometimes undergo irreversible changes 
in character. For example, a papilloma induced in mouse skin by applications 
of carcinogen, may become a carcinoma, so changing its character ; or a spon- 
taneous tumor of the mouse breast responding to pregnancy by an increase in 
growth rate may change its character and no longer respond to this stimulus. 
Foulds (1949, 1950, 1951) made a special study of these changes in character, 

-calling them “ progressions”, and defining “ progression”’ as an “ irreversible, 
qualitative change ”’ in a tumor. 

Foulds then went further, claiming that different characters of the same 
tumor could progress independently of one another. For example, he found that 
in spontaneous mammary tumours in mice one character, the growth rate, might 
progress, and the tumor grow faster, while another, the responsiveness to preg- 
nancy remained unchanged. 

Foulds (1949) studied not only the spontaneous mammary tumors of mice, 
but also bladder tumors induced by feeding 2-acetylaminofluorene to mice 
(Foulds, 1950) and transplantable mammary fibroadenomata in rats (Foulds, 
1951). In each case he found that the tumors did sometimes progress, and that 
progression could occur independently in different characters of the same tumor. 
These findings seemed so interesting as to make desirable further confirmation, 
and this paper records an investigation of the life of tumors induced in mouse skin 
by repeated applications of 9,10-dimethyl-1,2-benzanthracene. Two characters 
were studied, the morphology of the tumors and their growth rate. 

The paper falls into three parts. In the first is discussed the morphological 
classification of the tumors ; in the second whether they progress, whether pro- 
gression of one of these characters can occur without progression of the other, and 
certain other matters related ; and in the third the significance of these findings 
is discussed. 


MATERIAL AND METHODS. 


One hundred Swiss virgin female mice bred at the Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine, were used. The mice were housed in groups of 
25 in plastic cages and given Rockland mouse diet and water ad libitum. 

The carcinogen was a 0-5 per cent solution of 9,10-dimethyl-1,2-benzanthra- 
cene (Eastman Kodak) in mineral oil (Superla 34, Standard Oil), and was applied 
twice each week to an area 1} cm. square in the interscapular region which was 
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clipped free of hair with scissors. Each application of carcinogen was one drop 
— a glass dropper, and the treatment was continued until all the mice were 
dead. 

Each mouse was numbered by ear clipping, and as tumors began to appear was 
examined weekly and the tumors charted. For the charting, graph paper with 
1 in. and ,'; in. squares was used. A l-in. square was taken to represent the 
painted area, and the tumors drawn to scale. The small squares made it much 
easier to identify the individual tumors, and reduced the possibility of confusion. 
Because of the large number of tumors, accurate measurements were found 
impracticable. However, the tumors were charted only by the authors, and 
their sizes were estimated. The sizes so estimated are, of course, not exact, but 
they are thought sufficiently accurate for the purposes of this investigation. 
The measurements recorded on the charts illustrating this paper are deduced 
from the estimations. In addition, the tumors were divided into four types as 
will be described hereunder, and each week a note was made of the type of each 
tumor. 


Morphological Types. 


It proved relatively easy to divide the tumors into four macroscopic types. 
Few were hard to classify, and these all became clearly one type or another within 
2 or 3 weeks. The four types were : 

1. Sessile papillomata.—The sessile papillomata were small warts which never 
grew very large, never grew very quickly, and were never markedly keratinized. 

2. Pedunculated papillomata.—The pedunculated papillomata were usually 
larger than the sessile ~papillomata and sometimes very large. They had a 
relatively thin stalk, and were markedly hyperkeratotic. Often they were of a 
fern-like or frond-like structure. 

3. Conical tumors.—The conical tumors were broad-based, with a solid conical 
horn of keratin and debris, and usually moderately large. 

4. Carcinomata.—The carcinomata were rapidly growing, with an indurated 
and elevated edge. Infiltration of the underlying tissue was often obvious. 
The tumors sometimes ulcerated. 

As the mice died the tumor-bearing skin was removed and fixed. The 
individual tumors were then identified from the charts. The great majority were 
sectioned, only some sessile papillomata being neglected. It proved easy to 
recognize the macroscopic types microscopically, as the microscopic description 
which follows shoas. 


1. Sessile papillomata. 

The sessile papillomata were of two sorts. In the first an outgrowth of fibrous 
tissue bulged the surface of the skin and was covered by epithelium. The fibrous 
tissue was dense, with few blood vessels and was not demarcated from the under- 
lying dermis. The epidermis was only slightly thickened and slightly hyper- 
keratotic. All the layers of normal human epidermis could be identified. The 
rete pegs were thinned or lost altogeher. This sort of tumor was described by 
Bang (1922) in mice which had been painted with coal tar and was called by 
him “ papillome ordinaire.” They are not to be confused with the oedematous 
patches of Cramer and Stowell (1942). 


= 


_first group was of squamous carcinomata similar to the well differentiated 
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The second type of sessile papilloma consisted mainly of epithelial tissue. 
The architectural pattern of the normal human epidermis was imitated, the 
epidermis being thickened from four to six times. The rete pegs were elongated 
and in places fused together. Hyperkeratinization was marked. The cells were 
regular in size, shape, and orientation ; mitoses were rare, and the basement 
membrane was intact (Fig. 1). The underlying dermis was not notable. Tumors 
similar to this second type have been described by Sunderland, Smith and Sugiura 
(1951) in the mouse treated with carcinogenic cracked oil fractions, and by Rous 
and Kidd (1939) in tarred rabbit skin. 


2. Pedunculated papillomata. 


The typical tumor of this group arose with a long narrow stalk from skin 
without any abnormality other than the overall hyperplasia produced by the 
carcinogen. The stalk was of dense fibrous tissue with numerous blood vessels 
and was covered by epidermis which was, except for the absence of rete pegs, 
similar to that of the surrounding skin. The stalk was divided into from five to 
seven branches, usually thin, and all covered by markedly hyperkeratotic epi- 
thelium. The epithelium was greatly thickened, but the cells were orderly in 


. size, shape and orientation. Mitoses were rare. A low power view of this kind 
_ of tumor is quite characteristic, with its stalk dividing into finger-like projections 


covered by thick epithelium with a tremendous amount of keratin (Fig. 2, 4). 
Sometimes the stalk was shorter and broader, but the main features were always 
as described. In a few of these tumors the epithelium had broken through the 
basement membrane, and invasion was beginning. Tumors similar to the pedun- 
culated papillomata have been noted by Sunderland ef al. (1951) in mouse skin 
painted with carcinogenic oil, and by Rous and Kidd (1939) and Yamagiwa and 
Itchikawa (1918) in tarred rabbit skin. Yamagiwa and Itchikawa called them 
“ stalked and broad based folliculo-adenomas ”’ and Rous and Kidd ‘ common 
papillomas.” 


3. Conical tumors. 


These tumors consisted essentially of an epithelial crater extending deep into 
the dermis, but maintaining the usual hyperplastic architecture. The rete pegs 
were enlarged and elongated, but the epidermis was not greatly thickened. The 
cells were more irregular than in the papillomata. In some places there was a 
lack of normal orientation, and in others variation in cell size or shape. Mitoses 
were common. The basement membrane was always intact, though it should be 
remembered that the total number of these tumors was relatively few. The 
dermis usually showed a heavy infiltration of inflammatory cells (Fig. 3). The 
horn seen grossly was of keratin and debris. These conical tumors have not been 
previously described, though they are similar to the “ papillomes invagines ” 
seen by Bang (1922) in tarred mice, and to the “ frill horns” and “ carcino- 
matoids ” described by Rous and Kidd (1939) and by Friedewald and Rous 
(1944) in tarred and in benzpyrene painted rabbits. 


4. Carcinomata. 
The carcinomata were of two kinds, though transitions could be found. The 
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squamous carcinomata of human skin. Cords or clumps of cells invaded deeply 
into the dermis, often penetrating the muscularis. The cells were irregular in 
size, shape and organization, often eosinophilic or keratinized. Epithelial pearls 
could often be found (Fig. 5). Mitoses were numerous. The surface of the tumor 
was often hyperkeratotic. In a few cases a tumor of this type arose in a pedun- 
culated papilloma. The second group was of anaplastic tumors. Sheets of 
closely packed cells invaded the dermis and muscularis. The cells were ill- 
differentiated, with bizarre nuclei and little cytoplasm. The mitotic rate was 
very high. There was little or no keratinization (Fig. 6, 7). Necrosis and poly- 
morphonuclear reactions were common. 

The microscopic subdivision of two of the macroscopic types, the sessile 
papillomata and the carcinomata, has been neglected in the discussion which 
follows. Biopsies are not permissible in a study of this kind (Deelman, 1923 ; 
Pullinger, 1943), and so microscopy is not possible until the mice die. Therefore, 
as the object of this investigation was to study the changes that occur during the 
life of individual tumors, only macroscopic description was possible. 


RESULTS. 


Tables I and II record the total number of tumors produced, and the number 
of each macroscopic type present at various times in the course of the experiment. 
It can be seen that the survival rate was good. Except for 8 mice dying early 
in the experiment, all bore one or more carcinomata when they died, and most 
died of carcinoma. It will be seen that as time passed, and the total number 
of tumors produced increased, the ratio of pedunculated papillomata to sessile 
papillomata, and the ratio of carcinomata to sessile papillomata increased, though 
the ratio of pedunculated papillomata to carcinomata changed little. The 
number of conical tumors is too small to make such comparisons useful. 

It was notable that very few tumors regressed, only 18 in the 899 produced. 
This is in marked contradistinction to the findings in experiments in which 
tumors are induced in mouse skin by a single application of carcinogen followed 
by repeated applications of croton oil. In such experiments, a great many 
tumors regress, 12 of 49, 59 of 98, and 91 of 179 (Berenblum and Shubik, 1949). 
Comparable and even greater regression rates have been noted when tumors are 
induced in the skin of susceptible mice with a single large dose of a hydrocarbon, 
Mider and Morton (1940), for example, noting a regression of some 70 per cent 
of the papillomata induced in C57 brown mice with a single application of methyl- 
cholanthrene. 


TaBLE I.—Survivors and Incidence of Tumor-bearing Mice. 


Time (weeks) 
from the 


first application Tumor-bearing 
of carcinogen. Survivors. mice. 
5 95 1 (1-05% 
10 93 78 (83-8%) 
15 : 89 ‘ 89 (100%) 
20 , 36 36 (100%) 


Average latent period 8-6 weeks. 
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TaBLE II.—The Incidence of the Different Types of Tumors seen in Mice Painted 
with 9,10-Dimethyl-1,2-Benzanthracene. 
(weeks) 
of the first Tumor- 


10 
At death 


Several of the rules proposed by Foulds (1949) were found to be applicable to 
the results of this experiment. In particular it was noted that Rule 1 (Inde- 
pendent progression of multiple tumors), Rule 2 (Independent progression of 
character), Rule 3 (Progression is independent of growth), and Rule 5 (Progression 
follows one of alternative paths of development) applied. Progressions in 
morphology proved not uncommon. Of the 883 tumors that were sessile papil- 
lomata at their first appearance, 252 changed their morphological type, pro- 
gressing at least once. Table III illustrates the frequency of the various changes 
in morphology seen. 

Progressions in growth rate were much less common. Most of the tumors 
grew at a steady rate throughout, in so far as the growth rate could be deter- 


- mined by the crude method used. However, definite changes in growth rate did 


occur. The tumors occurring in 4 individual mice have been charted in graphic 


~ form in Fig. 8 to 11, and will be described individually, each mouse having tumors 


with differing behaviors demonstrating the validity of one or other of Fould’s 
proposals. All charts illustrate the validity of Rule 1: namely, that progression 
occurs independently in different tumors in the same animal. Each chart 
illustrates the tumors on one mouse, and in each can be seen instances in which 
one tumor progressed, while others on that same animal did not. This is an 
example of the wider principle expressed by Murray (1923) that at least in some 
cases the presence of a tumor in an animal does not influence the establishment 
or growth of another tumor. 

Fig. 8 shows two tumors, a and 5, changing their growth rate between the 
4th and 5th week of their existence without changing their morphology ; on the 
other hand, tumor d changed its morphology without changing its growth rate, 


EXPLANATION OF PLATES. 


Fic. 1.—Sessile papilloma. x 50. 

Fic. 2.—Pedunculated papilloma. x 20. 

Fic. 3.—Conical tumor. x 20. 

Fic. 4.—Pedunculated papilloma. The picture shows the architectural pattern of a benign 
tumor. x 60. 

Fic. 5.—Squamous cell carcinoma infiltrating the musculature (remnants of muscle bundles 
can be seen in the right upper quadrant). x 300. 

Fic. 6.—Anaplastic carcinoma. Note the absence of pearl-like formations and the numerous 
mitotic figures. x 300. 

Fic. 7.—Anaplastic carcinoma. Note the arrangement of the tumor cells around the blood 
vessels. x 170. 

Fic. 12.—An area of carcinomatous transformation in a pedunculated papilloma. The cells 
are regular and well differentiated in the upper half of the picture, whereas in the lower 
half, they are pleomorphic and invading the dermis. x 200. 

Fic. 13.—varcinomatous change in part of a pedunculated papilloma : on the right is seen the 

well differentiated epithelium of the pedunculated papilloma, and on the left is carcinoma 

replacing part of it. x 200. 
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Number of weeks 


Fic. 8.—Mouse AGB-4/12, showing independent progression of multiple tumors, and 
independent progression of two characters, growth rate and morphology. All tumors 
began as sessile papillomata. © Pedunculated papilloma. @ Conical tumor. 


i.e., continuing to grow steadily. These examples illustrate that the two characters 
studied, morphology and growth rate, could progress independently in the same 
tumor. 


Taste Paths Taken by Sessile Papillomata. 


Group I (Tumors not progressing) 
Sessile papilloma throughout 


Group II (Tumors progressing once) : 
Sessile papilloma to pedunculated ae 
~ to conical tumors 
to carcinoma 


Group III (Tumors progressing twice) : 
Sessite papilloma to pedunculated papilloma to conical tumors 
to pedunculated papilloma to carcinoma’. 
to conical tumors to carcinoma . 


Group IV (Tumors progressing thrice) : 
Sessile papilloma to pedunculated papilloma to conical tumors to carcinoma 


Total sessile papillomata seen 


These findings are in accord with those of Mottram (1934, 1935), who 
found that tumors induced in mouse skin by repeated applications of tar 
progressed in similar fashion, changing their form from papilloma to carcinoma, 
and, though more rarely, changing their growth rate. It seems probable, though 
his paper is not quite clear on this point, that he also observed independent 
progression of different characters in the same tumor, for he described seven 
tumors that changed from papilloma to carcinoma morphologically, but which 
continued to grow slowly. 


24 


/ 

/ 

c 

/ 

. 

’ 

. . . 18 

4 

|| 


348 PHILIPPE SHUBIK, RENATO BASERGA AND A. C. RITCHIE 


Fig. 9 also confirms Fould’s Rule 2, showing three tumors, a, b and c progressing 
from one morphological type to another while growing at a constant rate. This 
type of progression, from one morphological type to another, without progression 
in growth rate, was much more common than progression in growth rate alone, 
as seen in this Chart in tumor d. Some tumors changed their morphological 
type though they were not growing at all. This is well illustrated by tumor c 
in Fig. 10, and confirms the validity of Fould’s Rule 3, that progression is inde- 
pendent of growth. In the same chart, in tumors a and 6 may be seen again a 
change in growth rate without a corresponding change in morphological type. 


Tumour size mm. 
_ on | @ 


6 89 BH BB HK 
Number of weeks 

Fic. 9.—Mouse AGB-1/12, showing independent progression of multiple tumors and pro- 


gression in morphology without change in growth rate. All tumors began as sessile 
papillomata. © Pedunculated papillomata. @ Conical tumor. + Carcinoma. 


A corollary of Fould’s Rule 3 is that at its first clinical manifestation a tumor 
may be at any stage of progression. Table IV and Fig. 11 show that this was 
true of the tumors of this experiment. Tumor a in Fig. 11 was malignant at its 
first clinical appearance. Foulds also found progression independent of the size 
and clinical duration of the tumor. The charts illustrate examples showing that 
in this experiment too, progression could occur soon after the tumor appeared 
(tumor d in Fig. 8), or only long after (tumor d in Fig. 9), and that it occurred both 
in large and small tumors. 


TaBLeE IV.— Morphological Form of Tumors at their First Appearance. 


Conical tumors . ° 4 


Carcinoma 4 


Again, Foulds found that progression could take alternative paths of develop- 
ment. In this experiment this is most easily demonstrated by considering the 
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Tumour size mm. 


$345 67 8 9 W il 12 13 416 16 
Number of weeks 


Fic. 10—Mouse AGB-1/14, showing independent progression of multiple tumors, and change 
in morphology in a tumor remaining stationary in size. All tumors began as sessile papillo- 
mata. © Pedunculated papillomata. @ Conical tumor. + Malignancy discovered at 
histological examination. 


Tumour size mm. 


9 
7 
6 
5 
3 
2 
1 


123 45 67 8 9 2 28 4 
Number of weeks 
Fic. 11.—Showing independent progression of multiple tumors. Tumor a was malignant at 
its first clinical appearance, showing that at this period of its development a tumor can be 
at any stage. All other tumors began as sessile papillomata. © Pedunculated papillo- 
mata. + Carcinoma. +-+ Malignancy discovered at histological examination. 
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fate of the tumors which first appeared as sessile papillomata. As is seen in 
Table III, there were at least eight different ways in which they progressed. 
The morphology of a sessile papilloma gave no clue as to whether it would pro- 
gress, or whether it would not, and no clue as to the kind of progression which 
it would undergo. 

In a few instances it was apparent that only part of a tumor had progressed. 
This was most clearly seen when part of a pedunculated papilloma progressed to 
carcinoma, breaking through the basement membrane to invade the dermis. 
The invasive ill-differentiated carcinoma contrasted sharply with the highly 
differentiated frond-like structure of the rest of the pedunculated papilloma 
(Fig. 12, 13). A similar observation was made by Mottram (1935), who described 
a wart in which only part became carcinoma. He also found that, in tumors 
produced by repeatedly tarring mouse skin, different parts of a tumor might grow 
at different speeds. A well-known example of progression affecting only part of 
a tumor is the carcinomatous change which sometimes affects the tip of an adeno- 
matous polyp of the colon in man. 

Foulds (1949) remarked that progression could occur by gradual change or by 
abrupt steps. In general, the changes seen in the tumors of this experiment 
occurred abruptly. A tumor which was a sessile papilloma one week would 
be a pedunculated papilloma the next. However, in some cases there was a 
period in which the type of the tumor was hard to determine. It is doubtful if 

this means that progression was occurring gradually. If progression occurs in 
only part of a tumor, the part which has progressed to a more vigorous type might 
overgrow the less vigorous part, and in so doing give the semblance of a gradual 
progression. 


DISCUSSION. 


Tumors induced in mouse skin by repeated applications of 9,10-dimethyl- 
1,2-benzanthracene have been found to progress, undergoing irreversible, quali- 
tative changes in character. They have been found to change from one growth 
rate to another, and from one morphological type to another. Moreover, these 
two characters have been found to progress independently of one another in the 
same tumor. Similar progressions have been observed in other kinds of experi- 
mental tumor, in tumors of mouse skin induced by tarring (Mottram, 1934, 
1935) ; in spontaneous mammary tumors of mice (Foulds, 1949) ; in acetylamino- 
fluorene induced tumors of mouse bladder (Foulds, 1950) ; and in transplantable 
fibroadenomata in rats (Foulds, 1951). In each of these instances it has also 
been found that progression occurs independently in different characters in the 
same tumor. 

These findings would seem to throw some light on the nature of these induced 
skin tumors. It would seem probable that they differ from normal tissue in 
more than one way, that the derangement which determines their morphological 
type is different from the derangement which determines their rate of growth. 
Otherwise it is hard to understand the independent progression of these characters. 
There is no reason to deny that these derangements might be in the same part 
of the cell, or of the same mechanism in it, but there is no reason to affirm it. 

Furthermore, if these tumors are complex, possessing several characters, 
differing from the normal, it is also notable that they are unstable. They pro- 
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gress throughout their existence, changing to different types, reaching a series of 
different end-points within the life of the host. With this in mind, general 
concepts of the status of neoplasia as a pathological entity must eventually be 
considerably modified from present rigid viewpoints. 


SUMMARY. 


1. The fate and progression of 899 tumors induced in 100 mice painted 
repeatedly with 9,10-dimethyl-1,2-benzanthracene have been studied. 

2. Of 883 tumors arising as sessile papillomas, 96 became carcinomas. In 
addition, 4 tumors arose as carcinomas ab initio. 

3. A step-wise transformation of different characters in these tumors was 
observed throughout their existence. 
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In the course of establishing a stock of hybrids between CBA (low cancer 
strain) females and C3H (high cancer strain) males, it was observed that the 
female offspring of CBA-C3H matings showed a higher incidence of mammary 
tumours than the CBA pure line: 20 mammary tumours in 61 hybrid mice that 
survived for more than 250 days when raised in the same cage with the father. 
The tumours were observed in mice between 259 and 973 days of age. This is 
in keeping with the observation of other workers using hybrids of low mammary 
cancer strain females and high mammary cancer strain males. 

In this laboratory, CBA mice have been used in a number of experiments, 
but no large stock of untreated animals has been kept to check the natural inci- 
dence of mammary tumours. However, this cannot be high as amongst 50 con- 
trol virgin CBA mice which died within the age of 12 to 25 months, no mammary 
tumours were seen, while in a group of 12 breeding females, 2 died with a mammary 
tumour, one at 565 days and the other at 777 days. In addition, sporadic mam- 
mary tumours have occurred in the breeding colony, that cannot be assessed 
statistically, because the breeders were often killed after producing several litters. 

Dmochowski (1953) has recently reported the results of his own extensive 
experiments, and reviewed the work of others in this field. 

It is known from the work of Andervont and Dunn (1948) that C3H males 
harbour the mammary tumour agent in the seminal vesicles, better called the 
vesicular glands, as they do not normally contain spermatozoa, and it has been 
suggested by Andervont (1950) and several subsequent investigators that the 
male of the higher cancer strain is responsible for infecting its female offspring 
indirectly by infecting the mother. 

Several authors consider the possibility of direct infection of the embryo by 
the father, but dismiss it as against the evidence of all experiments of foster- 


nursing of high cancer strain mice by low cancer strain mothers. Direct infection J 
of newly born offspring by their fathers does not seem to have been seriously 
considered. ( 
The following experiment was carried out to test this possibility. 
EXPERIMENTAL. 
8 


CBA.C3H Hybrids. 

A C3H male was mated to two CBA female litter mates. One female remained 
constantly with the male throughout her breeding life; the other female was 
removed to a sterilised box as soon as pregnancy was noted, and remained there 
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until her litter was weaned. She was then returned to her breeding box and the 
whole cycle was repeated. After weaning, the male offspring were killed and the 
females were kept as virgins, by litters, till death or appearance of mammary 
tumours. The temperature of the animal house was about 72° F. and .the mice 
were kept on a balanced diet of commercial food pellets and water ad libidum. 

Eventually the hybrids formed the following groups. 

Group I consists of the offspring of males No. 2 to 7, mated each to 2 sisters, 
as originally planned. 

Group II consists of the offspring of 3 sisters mated to male No. 1. Of the 
original 2 sisters, the segregated one died after her first litter, and was replaced 
by a third sister which was also segregated for birth and rearing of her first four 
litters. She was left with the male for the birth of her fifth litter (Table I.) 

Group III consists of the offspring of 2 females, each permanently in the cage 
with males No. 8 and 9 respectively. The paired segregated sisters of each died 
early in the experiment, each after bearing a male litter. 

Group IV consists of offspring of segregated females which were mated to 
make up a requisite number of mice in a given time. Two sisters were mated to 
male No. 10. Two sets of unrelated sisters were mated to male No 1l. (Table II) 

Ideally all the segregated females should have been sisters of the female 
left with the male, but this was not always possible. 
The result of the experiment is summarised below : 


CBA 
C3H. (mothers kept with male) 11 mammary tumours out of 82 hybrids. 
CBA.C3H 

(mothers segregated from male) 2 


The incidence is expressed as the number of mice bearing mammary tumours 
as numerators over the number of survivors aged 450 days (age of youngest 
tumour-bearing mouse in this series) as denominators. 

All these mammary tumours appearing in the hybrids were confirmed histo- 
logically by Dr. P. R. Peacock and were adenomata or adenocarcinomata of the 
type characteristic of those associated with the presence of the milk factor. 

It was also noted at post mortem examination that many of the hybrids had 
cystic ovaries and enlarged uterine horns, the latter on histological examination 
showing varying degrees of cystic endometriosis. 


Fate of the CBA females mated with C3H males. 


Nine females were kept constantly with the male during the experiment ; one 
(4A) developed a mammary tumour and was killed at 538 days. 

Seventeen females were repeatedly mated and segregated early in pregnancy ; 
one (2B) developed a mammary tumour and was killed at 387 days. 

After the requisite number of offspring had been obtained, the mothers were 
segregated and kept for observation until the end of their lives (Tables I and IT). 


DISCUSSION. 


Although the number of animals is small, the incidence of approximately 5 
times as many mammary tumours in these hybrids kept with their father as com- 
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pared with those segregated from the same father, suggests some form of direct 
transmission from father to offspring. However, several factors have to be taken 
into consideration. 

(aA) Some of the CBA females may carry the agent and transmit it to their 
offspring. The presence of the virus has been shown in 2 tumours of the CBA 


TaBLE I.—Incidence of Mammary Tumours in the Offspring of CBA Female 
Litter Mates Mated to a Common C3H Male. 


Mam- 


mary 
kept tumour Female 
with Age at death of progeny inci-  segre- Age at death of progeny inci- 
‘ (days). dence. gated. (days). dence, 
C3H Male No. | mated with CBA litter mate sisters. 
1A_ . Ist litter: 158, 177, 190 - — . IB .j Ist litter: 571, 733,993,999 . 0/4 
(534)* 2nd ,, Males only (187) 
3rd ,, 568, 731, 861 . 0/2 
4th ,, 557, 562, 563,568 . 0/4 
5th ,, 460, 780, 857 . 0/3 
6th ,, Males only . 
10. Sth ,, 4511, 641, 651 - 1/8 . IC. Ist litter: Eaten 
(563) 2nd ,, 


3rd 687 . ofl 
4th Eaten 


C3H Male No. 2 mated with CBA litter mate sisters. 


2A . Ist litter: Died . — . 2B . Ist ‘litter; 569, 881 . 0/2 
(692) . 2nd ,, Eaten - — . 387 . 2nd ,, Males only ‘ 
3rd ;, Eaten . 3rd ,, 750, 928 0/8 


4th 398, 410, 419,843. 1/1 


C3H Male No. 3 mated with CBA litter mate sisters. 


3A . Ist litter: Eaten - — . 8B. Ist litter: 330, 755, 961,1004 0/3 
(573) . 2nd ,, 416, 557, 671,678, . 1/5 . (477) . 2nd ,, 595, 605, 608 - 0/3 
687 733 
596, 780, 836 IB. — . w Males only 


— . — . 4th ” ” ” 
5th ,, 767, 931 - 0/2 


7th ,, 400, 408, 409, 414, 
416 


C3H Male No. 


4 mated with CBA litter mate sisters. 


4A . Ist litter: 1053 - O/l . 4B. Ist litter: 684, 941 - 0/2 

(538) 2nd ,, 36, 37 (599) 2nd ,, 265, 265, 705, 812, . 0/5 
817, 832, 877 

3rd_ sy, 641, 643, 645 - . — . ,, 645, 797,811,812 . 0/4 


4th ,, 438, 655,777,798 . 0/3 


5 mated with CBA litter mate sisters. 


5A . Ist litter: 482 . If . 5B. Ist litter: Eaten 
(725)* 2nd ,, 598, 000, 600, 602,. 1/5 . (453) . 2nd ,, ‘ 
7 
3rd ,, 718, 747, 795 . 2/3. — . 8rd ,, 483,441, 444, 444, 
447 


4th ,, Males only 

5th ,, 576, 582, 582, 588, . on 
900, 905, 938 0/2 

6th ,, 588, 767 

7th ,, 500, 556, 801 


4 
Mam- 
4 
4 
2 
a 


Females 
with Age at death of 
male. (days). 


6A . Ist litter: 


3rd_,, Males onl 


491 


(439) 


2nd Males only 


Ist litter: 787 


« 650 
5th Eaten 


(684) 


817, 821 


450 days or over. 


Male. Female. 
10 x 10A (597)* 


10B (714) 
11 x 11A (360) 
11B (675) 


x (643) 


x LID (855) 


x LIE (420) 
x LIF (500) 


8A . 
(£03) 2nd ,, 626, 669, 671 
3rd 579, 598, 704, 750 . 


y 


154 
(983) 2nd ,, 604,751,756, . 
1016 


y 
4th ,, 162, 164, 166, 488, . 


7A . Ist litter: 428, 450, 585, 733, . 
845 


9A . Ist litter: 309, 534, 531, 567, . 
830 
Pa 760, 770, 773, 809, . 


Mam- 
mary 
tumour Female 
inci-  segre- Age at death of progeny 
dence. gated. (days). 


C3H Male No. 8 mated with CBA litter mate sisters. 


TaBLE I—conid. 


C3H Male No. 6 mated with CBA litter mate sisters. 


. 6B. Ist litter: Eaten 
2/4 . (977) . 2nd ,, 252, 254, 755, 803, . 
875 
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310, 472, 490 


0/2. — . 4h ,, 397, 406, 415, 420, . 
422, 799 
C3H Male No. 7 mated with CBA litter mate sisters. 


0/4 . 7B . Ist litter: 362, 428, 826, 829, . 
(651) 880, 893 


. O/l . 8B . Ist litter: Males only 
. 0/3 (100) 


0/4 


. ofl 


C3H Male No. 9 mated with CBA litter mate sisters. 
0/4 . 9B. Ist litter: Males only 


0/6 


Italic figures denote mammary tumours. 
* Figures in brackets give the age at death, in days, of the breeding females. 


lst : 
2nd: 
3rd: 


Ist : 


2nd : 
* Figures in brackets give the age at death, in days, of the breeding females. 


(269) 


Litters. 
478, 480, 482, 484, 484, 486 
278, 554, 659, 662, 756, 757, 761 
Males only 


557, 558, 563, 564, 1044 
694, 698, 791, 873, 877 


: Males only 
: 526, 585, 604, 710, 1022, 1022 


649, 723, 730, 730, 737, 738 
: Males onl 


y 


Eaten 
: 378, 456, 815, 839, 871, 953 


518, 587, 595, 710 


Males only 
165, 166, 559, 566, 569, 735 


TaBLE II.—IJncidence of Mammary Tumours in Female Progeny of CBA. 
C3H Hybrids Segregated after Mating. 


Tumours. 
0/6 
1/6 


0/5 
1/5 


0/6 
0/6 
0/5 
0/4 


0/4 


Tumour incidence is based on number of tumours as numerator over number of survivors for 
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colony by injection of extracts of these tumours into young susceptible RIIIb 
mice (Pullinger, 1953). In the present experiment CBA female No. 4A, kept 
constantly with the male and CBA female No. 2B, segregated from the male, 
developed a mammary tumour at 538 days and 387 days respectively. These 
tumours could be attributed to transmission of virus in the mothers’ milk, or 
to infection from the C3H male in each case, or they may be unrelated to the 
virus. In the case of female No. 4A, neither her mother nor sisters developed 
mammary tumours, but in the progeny of one of the sisters the 2nd and 3rd litters 
yielded 1 out of 6 and 1 out of 3 tumour-bearing mice respectively. 

Similarly female No. 2B had a mammary tumour and her own offspring had 
none. Her sister, 2A, kept with the male, was free of tumour but had one tumour- 
bearing female in her 4th litter. No definite conclusion can be drawn from the 
occurrence of such sporadic tumours. 

(B) Andervont and Dunn (1948) have shown that C3H males can carry the 
mammary tumour virus in their vesicular glands and secretion, and have suggested 
that the mother may be infected during copulation. 

Foulds (1949) has shown a similar transfer of virus by RIII males to their 
F1 hybrids with C57 Black females. Bittner (1952) has studied similar crosses 
between high and low mammary cancer strains, with and without the agent, 
and has reached essentially the same conclusion about the réle of the male in 
transmitting the agent. Miihlbock (1950, 1952) has shown that the virus is 
present in the “sperm” and suggests that the greater incidence of mammary 
tumours in hybrids of later litters may be due to a progressive infection of the 
mother in the course of repeated copulations with the male. Against this sugges- 
tion, as the only source of infection, there is no indication of a higher rate of 
incidence of tumours in the later litters in the experiment now reported. 

(c) The rate of breeding differs between the segregated and rapidly mated 
females ; there may be therefore different hormonal factors influencing the two 
groups. If that were so, one might expect to find tumours in mothers subjected 
more frequently to progressive infection and hormonal stimulation, by the male. 
In fact, one female in the rapidly bred group and one in the segregated group 
developed a mammary tumour as described above. 

All the progeny were kept as virgins to avoid the complication and variable 
factors of the hormonal stimulation associated with reproduction and lactation. 
Though the hormonal factors may be considered comparable throughout, they 
are not particularly favourable for the development of mammary tumours. 

(p) Andervont, Shimkin and Bryan (1942) found no evidence of contagion 
when mice of low and high cancer strain were kept in the same cage and no evidence 
of transfer of virus from C3H mothers, which had their nipples closed by searing, 
to their offspring foster-nursed in the same cage by C57 Black. This seems to 
exclude transfer of the agent by the mother’s excreta and bodily secretions other 
than the milk. 

Miihlbock (1950) specifically tested faeces and urine of virus-carrying mice, 
for the agent and failed to demonstrate any transference to young susceptible 
virus free mice. 

(gz) The male parent whose semen is known to contain mammary tumour 
virus, might directly in some way infect the susceptible hybrid offspring. For 
example, oral contamination of the young might occur during or soon after the 
copulation that takes place within 24 hours of birth. It is generally held that the 
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young are particularly susceptible to infection during the first few hours of life. 
Should this be the source of infection, rather than or in addition to the mother’s 
milk, it might explain the randum distribution of the tumours in this experiment. 
and would also help to account for the sporadic occurrence of mammary ‘tumours 
in the female progeny of mating between siblings of hybrids F1 and subsequent 
generations that have been reported. Varying individual infectivity in the father 
would account also for the random distribution of tumours in different groups 
of offspring. 

If the male parent can transmit directly the infective agent to his offspring 
it is obviously important to know whether hybrid progeny have been born in 
the presence or absence of their father. 

Incidental transmission of the agent from the male parent to the offspring 
seems to offer the simplest explanation of the results of this experiment. The 
oral route of infection is the only one known to occur in nature. Further tests 
are proceeding to elucidate this last possibility. 


SUMMARY. 


It is suggested that the mammary tumour incidence in hybrid female progeny 
of CBA.C3H mating may be accounted for by incidental infection from the 
male parent. 


This work forms part of a programme of virus research supported by the British 
Empire Cancer Campaign. 
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Numerous attempts have been made to elucidate the role of the thyroid 
hormone in the development of chemically induced tumours. The relevant 
literature has been reviewed by Miller and Baumann (1951) who studied this 
problem in rats treated with dimethyl-amino-azobenzene. These authors 
mention some of the experimental difficulties encountered when the metabolic 
rate is altered by the administration of goitrogens or of thyroxin. The action 
of thiourea, thiouracil and related compounds, however, is not limited to the 
thyroid ; they can affect also other organs, as for instance the liver (Fitzhugh 
and Nelson, 1948). Complications of this kind can be avoided by means of 
surgery if hypothyroidism is the goal of the investigation. The effects of partial 
thyroidectomy are comparable with those obtained by goitrogens in doses too 
small to inhibit completely thyroxine synthesis. Complete elimination of 
thyroid hormones resulting from either the administration of large doses of 
goitrogens or from the removal of the gland leads to a complex endocrine im- 
balance, the outstanding feature of which is a pronounced disturbance of growth. 
The pituitaries of such rats contain no acidophils and therefore no somatotrophin 
is formed. The thyrotrophic hormone, however, is secreted in elevated amounts. 

We have studied the action of aminofluorene (A.F.) and its acetyl derivative 
(A.A.F.) on the thyroidectomized rat, choosing these carcinogens because they 
induce tumours in more than one organ. The paper records the results of several 
experiments in which thyroidectomy was performed prior or subsequent to the 
administration of these fluorene derivatives. 


METHODS. 


Disregarding the animals which died during the early stages of the experiments 
the material consists of 147 rats belonging to two different strains. One hundred 
and thirty were Wistar rats (106 males, 9 of which were castrates, and 24 females) 
and 17 were males of a piebald strain. Forty-nine intact rats and 9 castrates 
served as controls; eighty-nine were thyroidectomized. Sixty-two of the 89 
(70 per cent) were considered to be completely thyroidectomized because their 
pituitaries were virtually free of acidophils. The rats were 4-5 weeks old when 
operated and the administration of the carcinogen was started 2 weeks later, 
except in Experiment 4, where thyroidectomy was performed in the 15th week 
of the experiment. 

A.A.F. was given with the food. In Experiment 1 the thyroidectomized as 
well as the intact animals were fed for 20 weeks a wet diet consisting of 7 parts 


| 
4 
I 
. 
1 
ia t 
7 
7 
b 
tl 
d 
ay 
ce 
‘A as 
of 
4 at 
‘ 
di 
= 


CARCINOGENESIS IN THYROIDECTOMIZED RATS 359 


of wholemeal flour and 3 parts of skim milk powder, supplemented by cod liver 
oil and green vegetables. Ten grammes of this diet containing 2 mg. of A.A.F. 
were given daily to each rat during the first 4 weeks and 12 g. with the same 
amount of carcinogen during the remainder. The intact but not the ‘thyroid- 
ectomized animals consumed all the food offered. After the 20th week the 
animals were maintained on ordinary stock diet. In Experiment 2 the milk- 
flour diet was given throughout, but for the first 20 weeks the diet was adjusted 
in such a way that 2 mg. of A.A.F. were contained in the amount of food con- 
sumed daily by each thyroidectomized rat, ie., in 7-8 g. of food. After the 
withdrawal of the carcinogen the diet was supplemented by grain. In order to 
make the administration of the carcinogen independent of the food intake, A.F 
was chosen as carcinogen in Experiment 3. This compound induces distant 
tumours when applied to the skin. After clipping the hair the interscapular 
region was painted 3 times weekly with a 4 per cent solution of A.F. in acetone 
70 applications being given to the albino and 90 to the piebald rats. In this 
experiment rats which were obviously not completely thyroidectomized as 
indicated by their growth curve were kept separately from the other animals in 
order to avoid thyroxine intake from the excreta. In Experiment 4, 9 castrated 
and 30 intact rats were treated with A.A.F. The carcinogen was given for 13 
weeks in the milk-flour diet ; during the first 9 weeks each rat received approxi- 
mately 4 mg. and during the last 4 weeks 2 mg. daily. Subsequently they were 
maintained on the wet diet supplemented by grain. In the 15th week 19 of the 
intact animals were thyroidectomized. Liberal amounts of drinking water 
were available to all animals. 

In our experience thyroidectomized rats kept on a wet diet are in a better 
state of nutrition than when they receive dry food. In long-term experiments 
care has to be taken that excessive growth of the incisors does not interfere with 
their food consumption. 

The rats were weighed once weekly and examined for the presence of tumours. 
They were sacrificed when a neoplasm was suspected or when their general 
state of health made it advisable. At autopsy, material was taken from any 
lesion encountered and the weights of pituitary, liver and adrenals were recorded. 
The pituitaries were stained according to Green’s (1951) modification of Papani- 
colaou’s method, occasionally also with Gomori’s fuchsin-aldehyde reagent and 
by the McManus-Hotchkiss procedure. One of the adrenals was used for paraffin 
and the other for frozen sections. 


RESULTS. 


Although Experiment ! suffers from the obvious inadequacy of uncontrolled 
intake of food and therefore of A.A.F. the results do not differ essentially from 
those obtained in Experiment 2 (Table I), where each rat received 2 mg. of A.A.F. 
daily. Since in the 15th week the average weight of the controls was 238 g. 
against 155 g. of the thyroidectomized animals of Experiment 2, the latter re- 
ceived more A.A.F. per 100 g. body weight. In all the intact males as well 
as in 6 of the partially thyroidectomized males neoplastic lesions were present 
in the livers. The earliest hepatoma was found in the controls in the 18th week 
of the experiment, multiple benign cystic cholangiomata being already present 
at the 15th. In the partially thyroidectomized males the earliest hepatoma was 
discovered in the 28th week. Not a single benign or malignant tumour of the 
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TaBLeE I.—T'umours Induced by A.A.F. in Thyroidectomized and 
Intact Wistar Rats. 


Experi- —-_ Thyroid- of Duration (benign Tumours of other 
ment ectomy. pow (weeks). cholan- organs. 
giomas). 
1 - Male . Complete . Ill . 34-48 0 0 
Partial . 4 . 28-43 3 1 retro-bulbar. 
2 thyroid rest. 
Female . Complete . 12 . 19-46. 0 . 1 retro-bulbar. 
2 uterus (benign). 
Partial . - 21-44 0 1 breast. 
Complete 0 


‘ 1) . 1 meatus acousticus. 
Female . « . B 
4 breast. 
1 uterus (benign). 


liver was found in the animals in which the thyroid had been completely removed. 
In the intact females, in which liver tumours are not as readily induced, the 
number of hepatomas was low but benign cystic cholangiomata were frequent. 
All of the 4 intact females which were sacrificed prior to the 47th week of the 
experiment, the maximum period of survival in the thyroidectomized group, 
had macroscopically recognisable neoplastic lesions of the liver. None of the 
partially or completely thyroidectomized females showed the slightest sign of 
A.A.F. action on the liver. 

A number of neoplasms were found in completely thyroidectomized animals. 
One of these was a tumour of the brain, situated in the central part of the left 
hemisphere, affecting the septum pellucidum and other areas adjacent to the 
lateral ventricle, parts of which were filled by tumour cells. These were of 
polygonal shape, varied little in size and had nuclei rich in chromatin. Mitoses 
were extraordinarily rare. The site of the neoplasm in conjunction with its 
morphology suggested the diagnosis of ependymoma (Fig. 1). Of the 2 retro- 
bulbar carcinomata one was found in a completely and the other in a partially 
thyroidectomized rat. The degree of thyroxine deficiency must have been 
severe in this animal, to judge from the great reduction in the number of acido- 
phils in the anterior lobe of its pituitary. Two rare benign neoplasms were 
found in completely thyroidectomized animals, papillomata of the pyloric portion 
of the stomach (Fig. 2) and a deciduoma-like »rowth in the uterus (Fig. 3). No 
mammary cancers were seen in the thyroidectomized females, the majority of 
which were in anoestrus already in the third week of the experiment when vaginal 


smears were taken for the first time. 


Table II (Experiment 3) shows the results obtained with A.F. in male Wistar 
and in the less susceptible piebald rats, the former being painted 70 and the 
latter 90 times. In this experiment the thyroidectomized rats received probably 
more of the carcinogen than the controls when body weights are taken into 
account. The results obtained confirm those of Experiments 1 and 2. Again 
no evidence for neoplasia was found in the liver of any rat in which the operation 
had been successful independently whether extrahepatic tumours appeared or 
not. It might be pointed out that some of the thyroidectomized Wistar rats 
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TasLe Il.—Tumours Induced by A.F. in Thyroidectomized and 
Intact Male Rats. 


Experi- Strain Thyroidec- N — Duration (benign Tumours of other 
ment. 2 tomy. (weeks). cholan- organs. 
sate. giomas). 
3 . Wistar . Complete . 14 . 23-55. 0 - 1 meatus acousticus. 
1 lung (benign). 
Partial 6 27-48 . 5+/(1) 3 meatus acousticus. 
Piebald Complete 6 32-51 0 
Partial 4 41-52 . 14/(l) . 0 
Controls . Wistar . 10 . 2 meatus acousticus. 
Piebald . 8 . 37-50 . 6+(1) . 1 breast. 


survived by 19 weeks the longest living intact males and still their livers appeared 
normal. In contrast, the carcinomata of the ductus acousticus externus ap- 
peared in both groups at about the same time (24-25th week). Two appeared 
in intact, 3 in partial and 4 in completely thyroidectomized rats. In addition, 
one adenoma of the lung appeared in the latter group, and a cancer of the breast 
in the controls. 

In Experiment 4 thyroidectomy was performed after A.A.F. had been fed 
for a period of 13 weeks. All the controls developed hepatomas, the first being 
found 7 weeks after the withdrawal of the carcinogen. Thyroidectomy performed 
in the 15th week of the experiment was without the slightest influence on the 
development of these neoplasms, the first hepatoma appearing already in the 
19th week. When at the 38th week the experiment was terminated each sur- 
viving animal was found to have hepatomatous and cholangiomatous lesions. 
These results are summarized in Table III, which includes also an additional 


TaBLe III.—Tumours Induced by A.A.F. in Thyroidectomized,* 
Castrated* and Intact Male Wistar Rats. 


Hepatomas 
Experi- Thyroidec- of Duration (benign Tumours of other 
ment tomy. sate. (weeks). cholan- organs. 
giomas). 
q - Complete . 13 . 19-38. 13 . 1 retro-bulbar. 
Partial . 6 . 21-38. 6 - 1 meatus acousticus. 
2 breast. 
Controls . Castrates . 9 . 1845 . 5+ (3) 1 leukaemia. 
7 meatus acousticus. 
1 lung (benign). 
Intact . ll . 20-38. ll - 6 meatus acousticus. 
1 breast. 


group of 9 castrated rats treated with A.A.F. in the same manner. Except for 
one animal which died of leukaemia in the 18th week of the experiment all the 
gonadectomized rats developed neoplastic lesions in their livers. In 6 animals 
hepatomas and in 3 benign cystic cholangiomata only were found. 


Changes in Endocrine Organs of Thyroidectomized Rats. 
The additional control group of castrated animals was included because 
frequently in thyroidectomized rats the size of the seminal vesicles was greatly 


* Thyroidectomy performed subsequent and castration prior to the administration 
of A.A.F. 
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reduced, the glands containing little fluid whereas the weight of the testes was 
well maintained. In such animals an atrophy of the interstitial cells of the 
testis was found histologically, indicating inadequate stimulation by interstitial 
cell-stimulating hormone (I.C.S.H.), and subsequent failure to produce androgens 
in amounts sufficient for the maintenance of the accessory sex organs. In this 
connection it might be remembered that none of the completely thyroidectomized 
females had a regular oestrous cycle. 

The adrenals did not show uniform changes. The width of the cortex tended 
to be less than normally ; the sudanophobic zone, present in intact males, was 
frequently absent, and the amount of lipoid stainable with Oil Red O was reduced 
considerably in some but little in other glands. Some of the thyroidectomized 
animals were rather obese at the time they were sacrificed, which made correlation 
between organ and body weight unreliable. 

As in an earlier experiment (Bielschowsky, 1949), neoplastic changes were 
found in the thyroid tissue of A.A.F.-treated animals in which a small fraction 
of the gland had escaped removal. In one instance a highly anaplastic tumour 
arising from such a thyroid rest was found at autopsy—worth mentioning because 
a tumour-cell embolus was seen in the periphery of this neoplasm, the only 
case in which evidence suggestive of malignancy was found in such a thyroid 
tumour. In the pituitary of this male Wistar rat an adenoma was found. 
The tumour, the only one seen in these experiments, had the same morphology 
_ as the basophil adenomata present in aged rats which had received an iodine- 

deficient diet (Bielschowsky, 1953). All the other pituitaries showed the typical 
picture of total or partial thyroidectomy, i.e., absence of acidophils or marked 
reduction in their numbers with evidence of degranulation coupled with the 
appearance of “ thyroidectomy ” cells. 


The Retro-bulbar Tumours. 


The appearance of carcinomata in the orbital tissue of two rats of Experiment 
1, a type of neoplasm only found in the thyroidectomized groups, led to a syste- 


matic search for lesions in the lacrymal glands. The 2 neoplasms were too far 


EXPLANATION OF PLATES. 


Fic. 1.—Brain tumour ; section shows the part of the tumour next to the ventricle and plexus 
chorioideus. H. and E. x 135. 

Fic. 2.—Two papillomata arising from the pyloric portion of the stomach. H. and E. 
x 80. 

Fic. po yee: gh yen of the uterus. (The dark areas in the tumour are due 
to the presence of containing PAS-positive material.) PAS and haematoxylin. 
x 29. 

Fic. 4.—Anaplastic carcinoma of the orbita. H.and E. x 360. 

Fic. 5.—Early neoplastic lesion in lacrymal gland limited in size to the area shown in the 
photograph. H. and E. x 80. 

Fic. 6.—Detail from fig. 5. H. and E. x 360. 


Fic. 7.—Typical picture of the inflammatory 
ecto rats treated with A.A.F. H.andE. x 80 

Fic. 8.—Shows PAS-positive material in the epithelium of ay “an (detail from a 
similar lesion as depicted in fig. 7). PAS and haematoxylin. x 360 

H.and E. x 360. 
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advanced and too anaplastic to allow an opinion as to their point of origin (Fig. 
4). However, in a completely thyroidectomized animal of Experiment 4 an 
early lesion was found which provided a clue. As seen in Fig. 5, one lobule of 
the lacrymal gland contains alveoli which differ from the remainder. They 
are of an irregular shape and appear darker in the photomicrograph because 
the cells forming them have a strongly basophilic cytoplasm. Fig. 6 shows 
that they vary considerably in size and shape and have lost the pale foamy 
appearance of the normal glandular epithelium. Their nuclei are hyperchromatic 
and dividing cells are present. Since these changes were obviously of a neo- 
plastic nature it seems justified to consider the retro-bulbar tumours as carcino- 
mata arising from the epithelium of the lacrymal gland. 

In intact rats the lacrymal glands are of a brownish colour ; in many of the 
thyroidectomized animals they were more whitish and appeared also to be more 
moist than normally. Sometimes these changes were bilateral, but not infre- 
quently only one side was affected. Histologically in thyroxine-deficient rats, 
treated with A.F. or A.A.F., a great variety of changes was seen in the lacrymal 
glands and their surrounding tissue. Apart from signs indicating increased 
functional activity, which were similar to those described by Pochin (1952) and 
others for the lacrymal glands of the guinea-pig injected with thyrotrophic 
hormone, the most constant findings were inflammatory lesions. These varied 
from small foci of plasma cells and lymphocytes to widespread massive infiltrative 
lesions distorting completely the structure of the glands, and sometimes destroy- 
ing groups of alveoli. As seen in Fig. 7, masses of round cells separate the alveoli, 
which are distorted, have a wide lumen, and are lined by epithelial cells which 
have undergone metaplastic changes. In some areas the epithelium, which 
varies from cylindrical to squamous, tends to become stratified. Preparations 
stained with the McManus Hotchkiss method reveal the presence of PAS-positive 
material in cells lining the lumen (Fig. 8). Hardly any resemblance to the 
normal picture is left. Instead of sharply defined alveoli one finds strands of 
epithelial cells growing into the connective tissue with many mitoses present 
(Fig. 9). Whether the proliferative changes just described are precancerous 
lesions remains doubtful. As seen in Fig. 5 and 6, neoplasia can occur in lacrymal 
glands which are free of inflammation. 


DISCUSSION. 


In 1948 Paschkis, Cantarow and Stasney reported that “simultaneous ad- 
ministration of thiouracil protects the liver against the carcinogenic action of 
A.A.F.” No such protection was observed in experiments in which allyl- 
thiourea had been used as goitrogen (Bielschowsky, 1944). It seemed therefore 
worth while to try to elucidate the reason for this discrepancy. From the results 
presented in this paper it is evident that complete but not partial thyroidectomy 
protects the liver against A.F. and A.A.F. Therefore, it seems to us that not 
the choice of the goitrogen but the degree of thyroxine deficiency obtained with 
allyl-thiourea and thiouracil respectively is the reason why liver tumours ap- 
peared in the animals treated with the former. Paschkis, Cantarow and Stasney 
(1951) have offered evidence which suggests a different interpretation. They 
found that uracil given per os abolishes the anticarcinogenic effect of thiouracil 
on the liver but not its goitrogenic action. In our experiments the failure to 


25 


> 
q 
: 


364 F. BIELSCHOWSKY AND W. H. HALL 
induce liver tumours with A.F. and its acetyl derivative must be due to the 
endocrine imbalance which follows complete thyroidectomy. Whether the 
absence of thyroxine is the main factor responsible for the results obtained 
remains to be investigated. So far we can only state that thyroidectomy prior 
to the administration of the fluorene derivatives renders the livers of rats un- 
susceptible to the carcinogenic action without preventing the induction of neo- 
plasms in other organs. Thyroidectomy performed after the administration of 
effective amounts of these compounds did not retard the development of malignant 
liver tumours. It seems therefore that it is the early stage in carcinogenesis 
which is influenced by the removal of the thyroid. Preliminary results of experi- 
ments yet to be terminated point into the same direction. 

During 1952 evidence was obtained by three independent groups of workers 
(Moon, Simpson and Evans, 1952; Bielschowsky and Hall, 1952; Griffin, 
Rinfret and Corsigilia, 1953) that the action of highly potent carcinogens can 
be “ inhibited ” by the removal of the pituitary or of the thyroid. Moon et al. 
found that hypophysectomy prevents the development of the sarcomata which 
are readily induced in rats by the subcutanecus injection of methylcholanthrene. 
Griffin and his collaborators found that the livers of hypophysectomized rats 
treated with 3’-methyl-4-di-methyl-amino-azobenzene for 19 weeks showed only 
mild cirrhotic changes but were free of neoplastic lesions. In intact animals 
such treatment leads invariably to the formation of malignant neoplasms in this 


_organ. Our results are similar to those obtained by the Stanford workers 


(Griffin, Rinfret and Corsigilia, 1953) as far as the liver is concerned. 

The importance of hormonal stimulation for the growth of tumours has been 
realised for many years since Loeb (1919) showed that ovariectomy can prevent 
the development of mammary cancers. The recent results mentioned above 
widen considerably the range of hormonal influence in carcinogenesis. The 
growth and development of most organs, with the possible exception of the 
brain, is dependent on hormonal stimulation, but there exist considerable 
differences in degree, as shown by the effects of hypophysectomy. The gonads, 
thyroid and adrenals atrophy always, but if the hypophysectomized rat receives 
adequate amounts of food the growth of the liver is proportional to body growth. 
Thus neither liver nor the subcutaneous tissue can be compared with the target 
organs of specific trophic hormones, although crude pituitary extracts can induce 
disproportionate growth in the liver (Selye, 1949) and in acromegalics the soft 
tissue can increase in size. 

The role of the somatotrophic or growth hormone in normal or pathological 
growth is only imperfectly understood. Growth can be promoted in hypo- 
physectomized rats not only by somatotrophin but also by thyroxine, as shown 
by Geschwind and Li (1952), or by insulin (Best, 1952). A great variety of 
neoplasms has been obtained in intact but not in hypophysectomized rats injected 
for long periods with purified growth hormone (Moon, Simpson, Li and Evans, 
1950a, 1950b, 1950c, 1951 ; Koneff, Moon, Simpson, Li and Evans, 1951) .Oestro- 
gens can retard growth by inhibiting the production of somatotrophic hormone. 
This does not prevent carcinogenesis. On the contrary liver tumours can be 
obtained with A.A.F. more readily in oestrogen treated than in normal animals 
(Cantarow, Paschkis, Stasney and Rothenberg, 1946). The pituitary of the 
completely thyroidectomized rat does not produce growth hormone. Never- 
theless a variety of tumours were induced by A.F. and A.A.F. in the absence of 
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somatotrophin and of thyroxine. Therefore, it does not seem very likely to 
us that somatotrophin is the most important pituitary hormone involved in 
carcinogenesis. Which hormones are required for the development of liver 
tumours awaits further investigation. The morphological evidence obtained 
from the study of adrenals of thyroidectomized rats treated with A.F. or its 
acetyl derivative is inconclusive. However, the results of Symeonides, Mulay 
and Burgoyne (1951) suggest that adreno-cortical secretions can modify the 
action of azo-dyes on the liver. 

Moon et al. (1950a, 19506, 1950c, 1951) as well as Griffin and his collaborators 
(1953) used carcinogens which acted on one organ only. Their results could be 
due to a failure of the hypophysectomized rat to metabolise the compound 
administered into the carcinogen proper. This possibility has to be considered 
since the discovery by Bonser, Clayson, Jull and Pyrah (1952) that 1-hydroxy 
2-naphthylamine is the active agent when 2-naphthylamine is administered. 
However in our case, the fact that extrahepatic tumours developed while the 
liver, the most susceptible of all organs in the intact male rat, failed to respond 
to the carcinogenic action of A.F. and its acetyl-derivative does not favour this 
interpretation. 

Some of the neoplasms found in the thyroidectomized animals are so rare 
in our material that we cannot be quite sure that they were due to the action of 
A.A.F. Neither in normal nor in experimental rats of our colony have we ever 
observed a papilloma of the stomach arising from the glandular mucosa or a 
tumour of the brain, but Vasquez-Lopez (1945) as well as Hoch-Ligeti and 
Russell (1950) have described gliomas in rats treated with A.A.F. Benign 
tumours arising in the mucosa of the uterus are not infrequent in aged rats of 
our colony. . However, the tumour depicted in Fig. 3 differs from all others 
observed by its strong resemblance to a deciduoma. In Dunedin carcinomata 
alising in the lacrymal glands have been found only in four A.A.F. treated rats 
suffering from a severe degree of thyroxine deficiency, but in Sheffield such a 
tumour was seen once in an animal the endocrine glands of which appeared 
normal. Engel and Copeland (1951) have given a well-illustrated description of 
these neoplasms. They observed a high incidence of “eye” tumours in rats 
treated with A.A.F. and fed a semi-synthetic diet low in fat. Their rats showed 
a very poor rate of growth. No account of the state of the endocrine organs was 
given. In our experience a low fat content of the diet per se does not favour 
the development of cancers of the lacrymal glands. The diet (skimmed milk 
and wholemeal flour) used by us contains very little fat apart from the cod liver 
oil supplement given once weekly. We believe that the retro-orbital tumours 
which developed in partial or completely thyroidectomized rats in our experi- 
ments are due to the combined action of A.A.F. and of thyrotrophin, elevated 
amounts of which are secreted by the pituitaries of thyroxine deficient animals. 


SUMMARY. 


Tumour induction by 2-aminofluorene and its acetyl derivative in thyroid- 
ectomized rats has been investigated. 

Thyroidectomy prior to the administration of the carcinogens prevented 
the development of neoplasms of the liver. Thyroidectomy performed after the 
administration of the carcinogens did not modify carcinogenesis. 
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Neoplasms were obtained in several organs of completely thyroidectomized 
rats, the most frequently affected site being the meatus acousticus externus. 

The retro-bulbar tumours observed are considered to be due to the action 
of the carcinogen on the lacrymal glands stimulated by elevated amounts of 
thyrotrophic hormone. 
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From the fact that certain mouse tumours could be transplanted using freeze- 
dried tumour tissue, Gye, Begg, Mann and Craigie (1949) concluded that they had 
evidence of virus transmission of their tumours. Subsequently, it was shown 
(Passey, Dmochowski, Lasnitzki and Milard, 1950) that a small proportion of the 
cells in these tumours were able to withstand freeze-drying as indicated by the 
proliferation in vitro of tumour tissue so treated. These findings focused atten- 
tion on the quantitative aspects of tumour transplantation, and various observa- 
tions were made which suggested that the malignant cell population in sarcoma- 
tous ascitic fluids is heterogeneous. Craigie, Lind, Hayward and Begg, (1951) 
reported that a small proportion of the sarcoma cells in certain ascites tumours 
could be distinguished from the modal cells by their peculiar appearance under 
phase-contrast microscopy, and by their relative resistance to freezing and to 
the inimical effects of exposure to isotonic glucose. Lasnitzki (1952) showed 
that a high proportion of the cells of Sarcoma 37 (hereafter referred to as “ 837 ”’) 
ascitic fluid undergo morphological transformation in tissue-culture and do not 
subsequently divide ; she found that this change was accompanied by a reduction 
in the power of the cells to give rise to a tumour on transplantation, and considered 
her observations to be evidence of bimorphism of the $37 cells. 

Histological studies of the fate of implants of tumour tissue have not given 
conclusive evidence that the cells of the new tumour are direct descendants of the 
cells in the implant. Gye et al. (1949) stated that the appearance of implants which 
had been frozen previous to inoculation, although they subsequently would give 
rise to tumours, “ did not suggest survival of any of the implanted tissue.” Zahl 
and Drasher (1947) drew similar conclusions from their observations of the fate of 
implants of Sarcoma 180 in mice. These authors state that there is no increase 
in the size of the implant and that it undergoes immediate cytological degeneration. 

Several previous workers have studied the variation of tumour incidence with 
the number of cells inoculated. De Gaetani and Blothner (1936) found that over 
100,000 cells were generally required for the successful transplantation of mouse 
carcinoma and sarcoma. Furth and Kahn (1937), working with an inbred strain 
of mouse and a spontaneous leukaemia derived from that strain succeeded in 
transplanting leukaemia to about 5 per cent of their mice by the intravenous 
inoculation of a single leukamic cell. Kahn and Furth (1938), using the trypan 
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blue and neutral red reactions to distinguish viable from non-viable cells, obtained 
tumours from about 20 per cent of subcutaneous sites inoculated with 50-100 
viable sarcoma cells. 

In the present paper a comparative study is reported of the quantitative 
transplantation of 837 in mice displaying evidence of resistance to it, and of a 
C3H sarcoma in C3H mice giving conditions in which resistance phenomena are 
presumed to be absent. 

In circumstances where there is a genetic difference between the animal in 
which a tumour arose and those to which it is transplanted, the behaviour of the 
tumour is usually modified by the resistance of the host. It has been often asserted 
that the study of transplantable tumours under these conditions has little relevance 
to induced and spontaneous carcinogenesis, where the resulting tumours are derived 
from the hosts’ own cells. There is considerable evidence however, that resis- 
tance phenomena are in fact displayed by animals against tumours which have 
been induced in them. Virus induced papillomas of the domestic rabbit frequently 
undergo regression, as do also the early rabbit papillomas induced by coal tar 
(Rous and Kidd, 1941). Studies of the co-carcinogenic effect of croton oil have 
suggested that tumour cells induced in mouse skin by 9 : 10-dimethyl-1 : 2-benzan- 
thracene remain latent for many months, only developing into frank tumours under 
the action of the co-carcinogen (Berenblum and Shubik, 1949). Andervont (1936) 
found that systemic treatment with trypan blue increased the incidence and 
reduced the latent period of sarcoma production in mice by a chemical carcinogen. 
This last finding is of special interest in this connection because trypan blue, as is 
well known, depresses the resistance mechanisms which are manifest in strain 
heterologous transplantations. Strong (1948) has shown that the Fl progeny 
of a cross between two inbred strains (NHO and C57) exhibit a resistance to tumour 
production by methylcholanthrene which varies with litter seriation. Since the 
F1 mice are genetically identical, he concluded that this resistance must be attri- 
buted to a factor which is transmitted from the mother to her litters by a non- 
genetic route and which varies in potency with the age of the mother. 

These various pieces of evidence are consistent with a hypothesis that progressi- 
vely growing tumours, whether spontaneous or induced may arise from a selected 
fraction of a larger population of potentially malignant cells ; failure of the remain- 
ing cells to proliferate into tumours could be due to their having been brought 
under control of the resistance mechanisms of the host at a time when they were 
present in small numbers. If this hypothesis is true, the induction of tumours 
might be facilitated by non-carcinogenic influences which act by depressing the 
resistance mechanisms of the host. 

It is clear from the work of Furth and Kahn (1937) on transplantable leukaemia 
that even where there is no reason to suspect a genetic difference between the 
tumour cell and the inoculated host, any single viable tumour cell stands only a 
small chance of giving rise to a tumour on transplantation. This suggests either 
that only a small fraction of the tumour cells have the power of proliferation, 
or that every cell with such power is subjected to considerable hazards in the 
process of being transplanted. 

The experiments described in this paper, suggested by the considerations 
which have been discussed, were undertaken as part of a study of some local and 
systemic factors which may influence the fate of inocula of small numbers of 


malignant cells. 
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MATERIALS AND METHODS. 
Tumours. 


(1) S37 was maintained by serial passage in stock albino mice either as solid 
tumours or as ascitic tumours. 

(2) A spontaneous C3H sarcoma which arose in a transplantable mammary 
carcinoma of the same strain. The sarcoma was maintained by serial subcutaneous 
passage in C3H mice. 


Mice. 
Transplantable experiments with 837 were all performed using stock albino 
mice bred in this laboratory. These mice were not pure line but were all derived 
from an original colony of 20 mice. 
All experiments with C3H Sarcoma were performed using C3H mice bred in 
this laboratory by sib mating. 


Preparation of single-cell suspensions. 
Single-cell suspensions of solid tumours were prepared as follows: one or more 
subcutaneous tumours were finely minced with scissors after removal of all adherent 
subcutaneous tissue ; the mince was made into a 10-20 per cent suspension in a 
0-5 per cent solution of gelatine in Tyrode solution, this medium being adjusted 
to pH 7-2-7-4 and sterilised by Seitz filtration ; the suspension, in a 50 ml. cylinder 
was allowed to stand at room temperature for 10 minutes, after which the middle 
one-third was removed through a fine pasteur pipette to several 10 mm. x 75 mm. 
glass tubes ; these tubes, each filled to a level 6 cm. above the base were allowed 
to stand in a strictly vertical postion for 75 minutes at 3-5° C.; the upper 2 cm. 
of each column was then removed slowly through a fine pipette, care being taken 
to see that the point of the pipette was kept near the surface of the fluid being 
extracted ; the upper 2-cm. fractions from several tubes were pooled. 20-c.mm. 
volumes of suspensions prepared in this way were usually found to consist almost 
exclusively of single cells, there being only very occasional aggregates of 2-6 cells. 
Suspensions failing to attain this standard were not used for titrations. 

$37 ascitic tumour suspensions were used without preliminary sedimentation 
if found to be free from cell clumps. When clumps were present a 10-fold dilution 
of the ascitic fluid was subjected to the second phase of the sedimentation 
procedure described above for solid tumour preparations. 

It should be mentioned here that parallel titrations of a suspension diluted 
(a) in the gelatine-Tyrode medium described, (b) in a 2-fold dilution of cell free 
mouse ascitic fluid in Tyrode solution, gave results which were found to be not 
significantly different when examined by statistical tests to be described. Further- 
more, successful transplantation of S37 cells into new-born mice has been secured 
with malignant ascitic fluid which has been diluted more than a million times in 
the artificial medium (Hewitt, 1953). It has been concluded from this evidence 
that use of the artificial medium has not introducted factors which seriously 
influence the results to be described. 


Cell counts. 


Between 30 and 94 per cent of the single cells in suspensions prepared from 
solid tumours exhibited nuclear staining in the presence of trypan blue or eosin, 
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a reaction usually regarded as being incompatible with cell viability (Schrek, 
19366 ; Pappenheimer, 1917). Counts of suspensions prepared from solid tumours 
were therefore made after mixing equal volumes of the suspension and 0-5 per 
cent trypan blue (B.D.H., biologically tested) in M/15 Sorensen buffer at pH 7-2. 
No ascitic cell suspension has been found to contain more than 3 per cent of stained 
cells, and counts of these suspensions were made in the absence of trypan blue. 
Trypan blue was preferred to eosin for the differentiation of non-viable cells because 
it gave more definite staining at non-toxic levels. Counts were made in a Fuchs- 
Rosenthal haemocytometer using phase-contrast microscopy. 

The absence of any reliable morphological criterion by which to identity a 
viable tumour cell makes it impossible to signify with certainty whether a given 
cell is a malignant cell or a normal cell contributed by the cellular reaction of the 
host. It has been found convenient to make an arbitrary distinction between 
normal tissue cells and sarcoma cells in fresh single-cell preparations of the tumours 
used in this study, on the basis of cell diameter. It was noted that 90 per cent 
of the nucleated single cells in sedimented preparations of minces of normal mouse 
lymph gland, thymus and spleen, and 70 per cent of the cells in saline washings 
of normal mouse peritoneum had diameters of 9 or less. On the other hand, a 
relatively small proportion (10-20 per cent) of the cells in many single cell prepara- 
tions of the solid sarcomas or in some S837 ascitic fluids, had diameters of less than 
9. The density of viable cells in a suspension has therefore been taken as equiva- 
lent to the density of cells having a diameter of over 9 and failing to stain with 
trypan blue. After considerable experience had been gained of the measurement 
of the cells in fresh preparations, actual measurement of the cells was abandoned 
and the larger cells were selectively counted by estimation of their size. Fre- 
quency distribution curves of the diameters of the single cells of sarcoma prepara- 
tions showed a modal diameter in the region 14-16~. A smaller, second peak 
was sometimes seen at about 7, and this was considered to represent the mode of 
the inflammatory cell population in the suspension. The effect of elimination 
from the cell count of all cells of diameter less than 94 was to exclude from the 
count the great majority of the non-tumour cells. On the other hand, a count 
of tumour cells made using this criterion might represent only 80 per cent, but no 
less, of the actual number of tumour cells present. 


Titration of sarcoma cell suspensions. 

If necessary, the counted 837 cell suspensions were diluted to contain about 
20,000 tumour cells in 0-1 ml. (the inoculum volume). Of this suspension, five 
3-fold dilutions were made in the gelatine-Tyrode medium, giving a series of six 
suspensions with cell densities varying from about 20,000/0-1 ml. in the lowest to 
about 80/0-1 ml. in the highest dilution. The coresponding range suitable for 
the titration of the C3H sarcoma in C3H mice was from about 200 cells/0-1 ml. 
to about 0-8 cells/0-1 ml. 0-1 ml. volumes of each dilution were inoculated sub- 
cutaneously into a group usually of 4-6 mice. Each mouse of a group received 4 
inoculations of the appropriate dilution, one in each axilla and one in each groin. 
When the fate of small inocula in treated mice was to be compared with their 
fate in controls, a suspension was titrated simultaneously in two series of mice 
each consisting of 6 groups of 4-6 mice. The distribution of mice between the 
treated and control series was such that each mouse of a group in one series was a 
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litter mate of a mouse in the corresponding group of the other series Mice of the 
two series were inoculated alternately. The inoculations were made using a 
1-0 ml. tuberculin syringe carrying a No. 12 needle. To facilitate accurate placing 
of the inocula, all inoculations were given under ether anaesthesia. Throughout 
all manipulations from the time of setting up the second phase of the sedimentation 
procedure until inoculation, the suspensions were kept at 2-5° C. Full aseptic 
technique was employed throughout and special precautions were taken to keep 
the suspended cells in homogeneous distribution. 


Recording of tumour incidence and calculation of end-points. 

Inoculated mice were examined for palpable tumours at 2-3 day intervals 
from the 6th till the 30th day after inoculation in the case of 837 and from the 
6th to the 40th day after inoculation in the case of the C3H sarcoma. It was 
found that, with very few exceptions, the smallest detectable mass in an inoculated 
site would become a definite tumour within a few days of its presentation. Regres- 
sion occurred in a fairly high proportion of the 837 tumours derived from the 
smaller inocula, but was unusual except in tumours which had attained moderate 
size. Once a tumour had been recorded for any site, the subsequent behaviour 
of the tumour did not affect the record. The result of each inoculation was there- 
fore recorded in the form of a quantal response. The proportion of sites in which 
a palpable tumour formed was recorded for each of the 6 different tumour cell 
doses inoculated. In an ideal titration, all sites inoculated with the highest dose 
of cells gave tumours and all those inoculated with the lowest dose failed to give 
tumours. From these data, the number of tumour cells which would have given 
tumours in 50 per cent of the inoculated sites (hereafter referred to as ‘‘ TD50’’) 


was calculated by the method of Reed and Muench (1938). The computing of 
the results by this method ensured that the data from all sites were used in the 
calculation of the TD50. 


EXPERIMENTS AND RESULTS. 
1. Variation in TD50 values obtained in (i) separate titrations of different S37 cell 
suspensions and (ii) parallel titrations of the same suspension. 

In 16 titrations of different S37 cell suspensions performed in the manner 
described and using 4-6 mice per group, the TD50 values ranged from 603 to 3162 
cells, with a mean of 1641 and a coefficient of variation of 51 per cent. The ratio 
of the highest to the lowest value obtained in this series was 5-2. 

It has not been possible to correlate this variability with any one factor known 
to vary from one experiment to another. Suspensions prepared from tumours 
during their early growth phase and those prepared from older tumours gave 
results which were not consistently different. It is clear, however, that the varia- 
bility in results from one experiment to another is contributed to both by unspeci- 
fied differences between the suspensions and by random differences in the batches 
of mice used for the titrations. In order to assess the order of variability in 
results which may be expected in parallel titrations of the same suspension, a 
number of paired titrations were performed using 2 series each of 6 groups of 2-3 
mice. In these experiments the mice were of comparable age but the members 
of corresponding groups were not litter mates. The ratio of the TD50 values 
obtained for 8 such pairs of titrations ranged from 1-0 to 1-82. The mean ratio 
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was 1-27 and the standard deviation from 1-0, calculated through the logarithms 
of the ratios, was 0-4. The values 2 SD and 3SD corresponded to ratios respec- 
tively of 2-0 and 2-82, so that a significant difference between the TD50s obtained 
for parallel titrations in control and treated animals should be considered when 
their ratio exceeds 2-0. This figure was used as a guide; the following further 
test of significance being applied when the ratio of the results exceeded 2-0: the 
TD50 and its standard error were calculated from the results of each titration 
by the approximate method of Irwin and Cheeseman (1939); the limits of error 
of each TD50 were defined from a value 3 x 8.E., and a significant difference was 
inferred when the limits of error of the TD50 with the greatest S.E. did not include 
the TD50 value given by the other titration. This criterion of significance was 
used by the authors of the method to compare LD50s in certain toxicity tests. 
The adequacy of the test in the present context appears to be justified by the 
following considerations: the multiple difference of TD50 values obtained in 
8 pairs of titrations using only 2-3 mice per group, and with only random pairing 
of mice between the two series, did not exceed 2-0; in the parallel titrations to 
the results of which the test was applied, however, there were 4-6 mice per group, 
and each mouse of one series was carefully paired with a mouse in the correspon- 
ding group of the other series, the members of a pair being usually litter mates 
but occasionally mice from two litters born on the same day. The multiple 
difference required to achieve significance by the test was about 4-0. 


2. Variation in the ability of different sites to grow tumours from small inocula. 
In the course of examining large numbers of mice each of which had received 
four equal subcutaneous inocula of 837 tumour cells, it has been observed that 


tumours growing from inocula in the axillary region usually have a distinctly 
higher growth rate than those growing in the groin region. This finding would 
seem to indicate that there is some difference between the tumour beds in these two 
situations. It was considered to be of some interest to know whether small inocula 
in the axillary sites gave a higher incidence of tumours than equivalent inocula 
in the groin sites. 

Mice giving only 1 or 2 tumours from 4 equivalent inoculated sites are evidently 
those in which site differences were a critical factor in the determination of tumour 
incidence. The incidences in the various sites of 294 tujours which arose in 208 
mice that had developed only 1 or 2 tumours from equal inocula in the 4 standard 
subcutaneous sites are given in Table I. 


TaBLe I.—Comparitive incidence of S37 Tumours in Different 
Subcutaneous Sites of Inoculation. 


Number of 
sites Number of 
Site. inoculated. tumours. Percentage. 


R. axilla. 208 ‘ 95 
R. groin. 208 ‘ 55 


L. axilla. 208 ‘ 72 
L. groin. 208 ; 72 


The incidences in the various sites were examined for significant differences 
by calculating a value for y, from four-square tables. The incidence in the right 
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axilla is significantly higher than that in the right groin (p = < 0-001); this 
results in a significantly higher combined incidence in the axillae compared with 
the groins (p = < 0-01). There is no significant difference between the incidences 
on the two sides when the total incidence of tumours on the right side is compared 
with that on the left. It is considered that the difference of incidence between 
the two axillae and between the two groins is attributable to some technical incon- 
sistency peculiar to the inoculator rather than to an intrinsic difference between 
the corresponding sites on the two sides. The differences could result, for example 
from a consistent difference in the various sites of the angulation or depth of 
penetration of the inoculating needle. Technical variations of this kind could 
vary the chance, from site to site, of muscle being entered. Inocula into muscle, 
as will be seen below, give a higher yield of tumours than equal inocula into the 
subcutaneous tissue. These observations show the importance of practising site 
rotation when the fates of two different inocula are to be compared in 
the same animal. 

The fact that both axillary tumours are usually larger than the groin tumours 
2-3 weeks after equal inoculations in these sites is evidently not correlated with a 
difference of incidence in these two regions, as shown by the identical incidences 
in the left axilla and groin. 

Small inocula of 837 cells in muscle gave a significantly higher incidence of 
tumours than equal inocula in the subcutaneous tissue. A S37 ascitic cell suspen- 
sion was titrated in 6 groups of 10-12 mice each. Each mouse received four 
equal inocula in the following sites : subcutaneously in the right axilla and right 
groin ; intramuscularly in the medial muscles of the proximal segment of the 
left forelimb and in the adductor muscles of the left leg. The TD50 for the intra- 
muscular sites was 245, compared with 1288 for the subcutaneous sites. This 
5-fold difference was found to be significant. 


3. The inter-actions of multiple inocula in a single mouse. 

No normal mouse of the age and stock used has failed to develop a palpable 
tumour from the inoculation of undiluted 837 mince or of single-cell suspensions 
of over 100,000 viable cells. Nevertheless, the behaviour of 837 transplants in 
the mice used displays the immunological phenomena characteristic of most 
strain-heterologus transplantations: regression occurs in a high percentage of 
tumours, and solid immunity to a second transplant usually follows upon the 
regression. From the fact that growth of S37 in the mice used results in the 
induction of resistance it must be assumed that each of several simultaneous 
inoculations into the same animal, whether of equal or of graduated doses, may 
be subject to influences of a constitutional nature induced by the others. 

To investigate this possibility a suspension of 837 cells was titrated in two 
series of mice. Each series consisted of 6 groups of 5 mice each, and corresponding 
groups of the two series received the same dilution of the suspension and the same 
cell dose per inoculum. Each mouse of a group in one series (S) received a single 
inoculum of the appropriate dilution subcutaneously in the right axilla. Each 
mouse of a group in the other series (M) received 6 subcutaneous inocula, all of the 
same size, one of these being in the right axilla. When the TD50s were calculated 
from the right axilla results alone for each series their ratio was 1-6, the difference 
being not significant It was concluded that the practice of giving four equal 
inoculations per mouse, in order to increase the number of sites used in the calcula- 
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tions, was probably not associated with results peculiar to the multiple inoculation 
procedure itself provided that the several inocula in each mouse were of equal 
sizes. 

A further experiment was designed to show whether the resistance induced 
by a large inoculum was capable of preventing a smaller inoculum of cells, placed 
simultaneously elsewhere in the same animal, from becoming a palpable tumour. 
A number of 3—5-week-old albino mice were randomised to give one series (C) of 
6 groups of 5 mice each and a second series (M) of 20 mice. A series of 6 three-fold 
dilutions of a counted 837 cell suspension was prepared. The dilutions were 
inoculated into the mice of the successive groups of the C series in the usual way, 
4 equal inocula being given to each mouse subcutaneously in the groin and axillary 
sites. Each mouse of the M series received one inoculum of each of the 6 dilutions 
in separate subcutaneous sites. In the M series, therefore, each mouse carried 
one inoculum of all the dilutions so that each of the five smallest inocula was asso- 
ciated in the same animal with a larger inoculum inoculated simultaneously else- 
where. In each series there were 20 sites inoculated with each dilution of 
the suspension. 


TaBLE II.—Results of Titrations under Conditions where (S) Each 
Mouse received 4 Inocula of a Dilution, (M) Each Mouse 
received 1 Inoculum of Each Dilution. 


Per cent sites giving tumour 
S series 


Mean latent period (days) 
Cells /animal 
Cells /inoculum 


Per cent sites giving tumour 
Cells /inoculum 

In Table II are recorded for each cell dose in each series of mice : the percen- 
tage of inoculated sites developing palpable tumours, the mean latent period 
elapsing between the time of inoculation and the time when the tumours were 
first palpated, and the multiple by which the number of cells in the inoculum is 
exceeded by the total cells inoculated into the animal. The mean latent periods 
of all tumours arising from inocula of 247, 741 and 2222 cells (i.e., in the region 
of the TD50) in the S series and in the M series were respectively 13-7 days and 
11-4 days. The 30 per cent incidence of tumours from 82 cells in the 8 series 
is fortuitously high, as may be seen from the trend of incidence in this series. 
It is clear that the relatively high total inocula per animal with which the 247, 741 
and 2222 cell inocula were associated in the M series (see last horizontal column 
of Table IT) has not significantly diminished the incidence or extended the latent 
periods of the tumours produced by these inocula. The TD50s calculated for the 
S and M series were respectively 708 and 955. Their ratio, 1-3, shows that they 
are not significantly different. 

A useful conclusion which can be made from the results of this experiment is 
that the performance of parallel titrations of two different suspensions in a single 
series of mice, corresponding dilutions of the two suspensions being inoculated in 
opposite sides of the mice, is unlikely to result in suppression of the inocula of the 
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less potent suspension by those of the greater, provided that the expected multiple 
difference is not large. 


4. The effect of “‘ Hyalase” of the tumour incidence from small inocula of S37 cells. 


A single-cell suspension of 837 was titrated in two parallel series of mice. The 
dilutions used to inoculate corresponding groups of the two series were identical 
in volume and cell density, but each inoculum given to one series contained 5 
Benger Units of “‘ Hyalase ” (Benger), whereas the inocula given to the control 
series were free from ‘‘ Hyalase.” The TD50s in the control and “ Hyalase ” 
series were respectively 2512 and 2630 (ratio, 1-05). 

When trypan blue stainability was used as a viablity test, there was no decrease 
in the proportion of viable cells after 2 hours’ contact at 37° C. with the same 
concentration of “‘ Hyalase”’ as used above. Thus, since “ Hyalase ”’ does not 
appear to damage the viable cells, it can be concluded that the presence of 
““Hyalase ” in the concentration used did not enhance the ability of a small 
inoculum to form a palpable tumour. 


5. The influence of dead S37 cells upon the fate of small inocula of viable cells. 

In the following two experiments the effect of dead tumour tissue upon the 
fate of minimal inocula 837 cells has been studied under two conditions : (i) where 
the dead tissue was inoculated intraperitoneally previous to the inoculation of 
viable tumour cells subcutaneously, and (ii) where the dead tissue was incorporated 
in the inocula of viable cells. 

A 837 single-cell suspension was titrated in a control series of mice and in a 
parallel series each mouse of which had been inoculated intraperitoneally with 
0-5 ml. of 20 per cent S37 mince freshly killed by repeated freezing and thawing. 
The inoculation with dead tumour tissue was made 48 hours before titration of 
the viable cell suspension. No significant difference between the TD50s was 
obtained in the two titrations, their ratio being 1-07. 

The second experiment was designed to show whether tumour production 
from minimal inocula is depressed or enhanced by the presence in the inoculum 
of a large preponderance of dead cells. A single cell suspension of 837 cells was 
prepared from a subcutaneous tumour by the usual method and the density of 
viable cells was determined. Two series of 5 three-fold dilutions were prepared 
from this, the separate series being made respectively in the two following diluents : 


A. 0-5 per cent gelatine in Tyrode solution. 

B. A suspension in 0-5 per cent gelatine in Tyrode of single 837 cells 
freshly killed by repeated freezing and thawing. This suspension, con- 
taining over 10° trypan blue stainable cells per inoculum volume (0-1 ml.), 
failed to give rise to any tumours when inoculated into 10 normal 
young mice. 

The ratio of dead to live cells in all the dilutions in Diluent A was 3:2. In 
Diluent B the ratio rose from 3 : 2 in the lowest dilution to 10,000 : 1 in the highest. 
Thus in the last series, the smaller the viable cell concentration, the higher the 
proportion of dead cells with which they were associated. 

The different dilutions of each series were inoculated subcutaneously into 
separate groups of mice, each mouse receiving 4 inoculations. 
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The TD50 values obtained in the two series were as follows : 


Dilutions in gelatine-tyrode diluent 2818 
Dilutions in dead cell suspension . ’ ‘ , 661 


Although the difference (ratio 4-3) was considerable, it did not quite attain 
significance by the Irwin and Cheeseman (1939) test. The conclusion made is 
that a high proportion of dead cells in small inocula of viable S37 cells does not 
significantly inhibit, but may enhance, the development of tumours from the 
inocula. 


6. Comparison of transplantability of S37 cells derived from malignant ascitic fluid 
and from solid tumour. 

The most striking differences between the single-cell populations of malignant 
ascitic fluid and those of suspensions prepared from solid subcutaneous tumours 
are differences in the relative proportions of (a) inflammatory cells, (b) presumed 
viable tumour cells (failing to stain with trypan blue), and (c) presumed non- 
viable cells (exhibiting nuclear staining with trypan blue). Comparable titrations 
of single-cell suspensions prepared from these two different sources provide a 
useful means of comparing the tumour-producing activities of these various 
cell types. 

Eight separate titrations of S37 cell suspensions prepared from solid tumours 
gave a mean TD50 of 2018 + 369 (18-2 per cent). Eight separate titrations of 
suspensions prepared from malignant ascitic fluid gave a mean TD50 of 1264 + 
158 (12-5 per cent). The difference of these means is not significant though a 
tendency of the viable ascitic tumour cells to be more active on transplantation 
was suggested by the results. An experiment was therefore designed to compare 
under more carefully controlled conditions the activities on transplantation of two 
suspensions prepared respectively from these two sources. 

Malignant ascitic fluid and four moderate sized subcutaneous tumours of 837 
were harvested from a single mouse inoculated intraperitoneally and subcutane- 
ously with S37 mince 15 days previously. A single-cell suspension was prepared 
from the solid tumours in the usual way ; the diluted ascitic fluid was subjected to 
the same sedimentation procedure as the solid tumour mince to ensure that any cell 
size selection involved in the sedimentation should be the same for both suspen- 
sions. In counting the cells in each suspension a distinction was made between 
three types of cell within the total cell population : cells not stained by trypan blue 
and over 9u in diameter (presumed to be mostly viable tumour cells), cells not 
stained by trypan blue and 9» or under in diameter (presumed to be mostly 
inflammatory cells), and cells staining with trypan blue (presumed to be non-viable 
tumour cells). 

The ascitic cell suspension was diluted to contain the same number of large 
viable cells as in the solid tumour preparation. Although there were then equal 
densities of large viable cells in the two suspensions, the densities of the other 
types of cell in the two suspensions were unequal. Table III shows the relative 
densities of each type of cell in the two suspensions. 

Of each of the starting suspensions, containing equal numbers of presumed 
viable tumour cells, 5 three-fold dilutions were made in the gelatine-Tyrode 
medium and parallel titrations of the tow suspensions were done in two separate 
series of mice. In Table IV are recorded the TD50 values calculated separately 
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for each type of cell in the two suspensions. The ratio of the TD50s given by 
the two suspensions also is given for each type of cell. 


TaBLE III.—Relative Densities* of Cell Types in Suspensions 
prepared from (a) Ascitic Fluid, (b) Solid Tumours, of S37. 
Ascitic fluid Solid tumour 
Cell type.t suspension. suspension. 


B . 1 2 
* The ratios shown apply only within each horizontal column. 
t+ Key to cell types : 
A. Cells over 9» and unstained with trypan blue. 


B. Cells 94 or under and unstained with trypan blue. 
C. Cells stained with trypan blue. 


TaBLe IV.—7'D50 Values given by Cell Type for Suspensions prepared from 
(a) Ascitic Fluid, (b) Solid Tumour S37. 


TD50 TD50 Ratio of 
Cell type.* ascitic fluid. solid tumour. TD50s. 


A 1698 3,548 8-2 
B 339 1,413 42 
Cc 93 - 19,950 215 


* For key, see Table III. 


It will be seen from Table IV that correlation between the TD50 values in the 
two series is highest when the cell-determining tumour incidence is taken to be the 
larger unstained cell. When either the small unstained cell or the stained cell 
is taken there is a significant difference between the TD50 values obtained for 
the two suspensions. These findings are in accordance with the assumption that 
the cell type securing successful transplantation is a large cell failing to stain 
with trypan blue. 

When the ascitic cell and the solid tumour cell suspensions were allowed to 
stand overnight at 5° C., 20 per cent of the large unstained cells in the solid tumour 
preparation became stainable with trypan blue, whereas there was no detectable 
increase in the proportion if stained cells in the ascitic cell suspension. It can be 
inferred from this finding that a relatively high proportion of the unstained cells 
in the solid tumour preparation are non-viable—a feature which could account for 
the rather greater number of these cells required to give TD50 in the solid tumour 
cell titration as compared with the ascitic cell titration. 


7. Titration of a C3H sarcoma in C3H mice. 


The sarcoma used in these titrations was a spindle cell sarcoma which arose 
spontaneously in a transplantable C3H mammary carcinoma after 9 serial passages 
in C3H mice. It closely resembled 837 in its mode or origin, in its histological 
appearance, and in the ease with which single-cell suspensions could be prepared 
from it. It differed from S37 in the following respects: it failed to produce 
ascites tumours on peritoneal inoculation ; it regressed earlier and more rapidly 
after inoculation into the stock albino mice used for the S37 experiments, but 
killed animals of the strain of origin. 
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A single-cell suspension of this tumour was prepared from a subcutaneous 
tumour by the same procedure as was used for the similar preparations of S37 
This suspension was titrated in 6 groups of 3-month-old mice, there being 3 mice 
per group and 4 inoculations per mouse. The results obtained were strikingly 
different from the results of titrations of 837 in the albino mice. In Table V the 
percentages of tumours obtained from cell doses calculated from the dilution 
factor are recorded. The TD50 given by the titration was 32. 


TaBLE V.—Results of Titration of C3H Sarcoma in 3-month 
old C3H Mice. 


Calculated 
number of Number of Positive 
i inoculations. inocula 
(per cent). 


Fig. 1 shows the relationship between viable tumour cell dose and the propor- 
tion of inoculated sites giving tumours, for the C3H sarcoma and for 837. In 
the case of each tumour the points shown were obtained from two separate titra- 
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Inoculated sites giving tumours (per cent) 


1 2 3 4 
Average tumour cells pér inoculum (log) 
Fic. 1.—Relationship between number of viable sarcoma cells inoculated into subcutaneous sites 
and the proportion of sites giving palpable tumours. $37 and a C3H sarcoma. 


© C3H sarcoma—2 experiments. 


837—2 experiments. 


400 12 10 83 
133 12 10 83 
44 12 7 58 
15 12 4 ‘ 33 
5 12 4 33 
13 TD50 = 32 cells. 
ah 
fe) 
“4 4 Aa 
as C3H sarcoma $37. 
| 50 
4 A 
| 
| 
i 


QUANTITATIVE TRANSPLANTATION OF MOUSE SARCOMA 379 


tions. The accuracy of the points is not sufficient to reveal the true character 
of the curves relating cell dose and tumour incidence but it will be seen that the 
rate of change of tumours incidence with log. cell dose is roughly similar for the 
two tumours. The possible significance of this comparison will be discussed later. 
When a similar titration of the C3H sarcoma was performed in C3H mice all of 
which were over | year of age a TD50 of 18 cells was obtained. The older mice 
are evidently not less susceptible than the younger. One of the groups in this 
titration, each mouse of which received 4 inocula each containing a calculated 
number of 3—4 viable cells, yielded a tumour incidence of 50 per cent. Since the 
cells were suspended in an inoculum volume of 0-1 ml., it seems probable that they 
were deposited in the tissues at some distance from one another. If it is assumed 
that there is no mutual influence between the cells under these conditions, it is 
reasonable to conclude that tumours can arise from single cells transplanted to 
the subcutaneous tissue. 

In one titration of the C3H sarcoma two of the four inoculations into each 
mouse were made subcutaneously and the other two intramuscularly. Contrary 
to what was found in the case of 837, there was no detectable difference in tumour 
incidence between the two tissues. 


DISCUSSION. 


The variation in TD50 values obtained for titrations of different suspensions 
of 837 though wider than that between the values obtained for parallel titrations 
of a single suspension, does not necessarily indicate some fundamental difference 
in the viable cell populations derived from different tumours. Variation in the 
authenticity of the viable cell counts, in the batches of animals used for the titra- 
tions and in the ranges of inoculum size titrated, may account for variation of 
the TD50 from one experiment to another. Young, old, and even regressing 
tumours have been used indiscriminately for the preparation of single-cell suspen- 
sions, and this has not disclosed any association between the activity of the viable 
cells and the growth state of the tumour from which they were derived. White 
and Loeb (1910) have described the successful transplantation of regressing 
tumours, and Schrek (1936a) has found no effect of immunity on the growth 
capicity of the tumour cells. These findings do not suggest the presence of 
humoral factors in regressing tumours which are active against the tumour cells 
themselves and encourage the view that regression is the result of primary 
breakdown of the stroma. 

The significantly lower TD50 values given by intramuscular sites of inoculation 
compared with subcutaneous sites, for 837, might ascribed to the greater vascu- 
larity of muscle. On the other hand, this site difference was not demonstrable 
for the C3H sarcoma, and a more likely explanation of the site difference found 
for S37 would appear to be that local resistance mechanisms are less readily 
manifested in the intramuscular sites. 

From the results of the experiments recorded in Section 3, it is clear that a 
small inoculum of cells is not suppressed, in the period before it forms a palpable 
tumour, by multiple and larger inocula of the same tumour placed simultaneously 
elsewhere in the same animal. This being the case, it seems probable that the 
failure to give rise to palpable tumours which is displayed by half the inocula of 
about 2000 cells of 837, is not due to induction of systemic immunity by these 
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inocula themselves during their prepalpable phase of growth. A further observa- 
tion which leads to the same conclusion is that in numerous instances one of four 
inocula of about 2000 cells into a single animal may give rise to a tumour which 
grows progressively for weeks. If the failure of the other three inocula to give rise 
to tumours had been due to induced systemic immunity in the animal, the single 
tumour would not be expected to proceed as though no immunity were present. 
The fact that this same tumour may subsequently regress after reaching a quite 
considerable size suggests the operation of an induced resistance mechanism which 
takes some time to develop. These observations and considerations have led 
to the conception that the mechanism which brings about early extinction of the 
small inocula before they form palpable tumours is distinct from the induced 
mechanism which results in regression of a tumour that has attained moderate size. 

The observation that “‘ Hyalase ”’ fails to influence the take of small single-cell 
inocula or to impose a distinctive form on the resulting tumours is contrary to 
what might be expected if some diffusible factor in the inoculum played any 
considerable part in the success of the implants. 

Craigie (1952) suggested that dead cells or debris may interfere with the acti- 
vity of viable tumour cells on transplantation. It is concluded from the results 
of the experiments described in Section 5, however, that dead tumour cells do 
not interfere with the proliferation of viable cells present in the same inoculum. 
A useful inference which may be made in this connection is that a large prepon- 
derance of dead cells in an inoculum should not interfere with the detection by 
inoculation of a small number of viable cells, these being the conditions met with 
when testing the survival of tumour tissue which has been subjected to a damaging 
procedure such as freezing. 

As explained in Section 6, the observation that slightly lower TD50 values 
were obtained from titrations of suspensions of S37 ascitic cells as compared 
with suspensions prepared from solid tumours may be related to the relatively 
high proportion of dead (trypan blue stainable) cells which is characteristic of 
the latter suspensions. Since dead cells apparently do not interfere with the 
proliferation of viable sells (Section 5), and in view of the increase in the number 
of stained cells which was observed in suspensions prepared from solid tumours 
when they were allowed to stand, it is reasonable to conclude that the solid tumour 
preparations contain a relatively high proportion of non-viable cells which fail 
to stain with trypan blue. The viable cell counts of the solid tumour preparations 
therefore tend to be erroneously high. These considerations show that it is not 
permissible to conclude from the comparison that there is a difference between 
the activities of the viable cells from these two different sources. 

The results of the titrations of the C3H sarcoma cells in C3H mice leave little 
doubt that single viable cells of this tumour are quite capable of giving rise to 
tumours on transplantation to the subcutaneous tissue. This finding emphasises 
the necessity for excluding absolutely the possibility of cell contamination in all 
experiments designed to provide evidence of non-cellular transmission of tumours. 
The ease with which tumours can be derived from inocula of very small numbers 
of cells should not be lost sight of when attempts are made to interpret the histo- 
logical changes which occur in small implants of tumour tissue after transplanta- 
tion. The necrosis of tumour implants which has been described by several 
authors to whom reference has already been made is probably of no significance to 
the question of non-cellular transmission of tumours. Indeed the evidence pro- 
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vided here shows that tumours which arise in the vicinity of implants of small 
fragments of tumour tissue can be derived exclusively from free single cells which 
contaminate the surface of the fragment. When single cubes of 837 of 1-2 mm. 
side were dissected from solid tumour and washed individually with Tyrode solu- 
tion, an average of over 10,000 viable tumour cells could be recovered from the 
separate washings. The appearances of implants of Sarcoma 180 at various 
stages after transplantation, which have been described in considerable detail by 
Zahl and Drasher (1947) and which these authors had difficulty in interpreting, 
are consistent with the new tumours having arisen from the proliferation of indi- 
vidual cells that had been wiped off the surface of the implanted fragments on to 
the adjacent tissues of the host during implantation. Necrosis of the main mass 
of the implant could be accounted for by its failure to gain intimate contact with 
a source of oxygen and nutrients. 

In Fig. 1 an attempt has been made to compare graphically the relationships 
between cell dose (expressed as the logarithm) and tumour frequency for the C3H 
sarcoma and for 837. The available mice of the strains used did not allow a more 
accurate definition of the points relating to the higher and lower tumour frequen- 
cies, and the figure serves to show only that the relationship between cell dose and 
tumour incidence is not greatly dissimilar in the two cases, at least in the region 
of the TD50. This suggests that the variability of responsiveness of the sites 
is not very different in the two cases. If this is so, an interpretation of the differ- 
ence in the quantitative data relating to the transplantation of the two tumours 
centres round the differences in the TD50s. The multiple difference between 
these values from the graph is 27, but the figure will, of course, vary within certain 
limits in accordance with variations in the TD50 from one experiment to another. 

On theoretical grounds it may be assumed that all of the C3H tumour cells 
are genetically compatible with their hosts, and that each is capable of giving rise 
to a rumour on transplantation. .The comparison of the C3H sarcoma with 837 
then suggests that, in the case of the latter tumour, only 1 out of 27 (3-7 per cent) 
of the viable cells are capable of giving rise to a tumour in the 4—6-week-old albino 
mice. But the incapacity of the majority of the cells to form new tumours on 
transplantation is not due to an intrinsic lack of proliferative power. Evidence 
reported elsewhere (Hewitt, 1953) shows that when S37 cells are titrated in 
new-born albino mice the TD50 levels obtained are no greater than that obtained 
for the C3H sarcoma titrated in adult C3H mice. The apparent failure of the 
majority of the S37 cells to survive transplantation is evidently attributable to 
the genetic difference between the tumour cells and their hosts, this difference 
being not manifest in immature mice. 

It may be that the ratio 1 : 27 represents merely the average number of cells 
in the 837 inocula which survives the initial hazards of exposure to the natural 
resistance factors in the foreign host, and that those cells which survive do so 
fortuitously. The evidence from these studies, however, does not exclude the 
possibility that the cells in the inoculum which survive to form a tumour may owe 
their survival to an intrinsic peculiarity. The evidence of heterogeneity given by 
other workers, to which reference was made in the introduction, is not inconsistent 
with such a possibility. 

The possibility that tumours of unknown genetic origin which are characterised 
by their capacity to grow across strain barriers, such as 837 may owe this faculty 
to the continuous production of a spectrum, of cells of varying gene dependence is 
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not discounted by genetic studies in which account has been taken only of the 
response to massive inocula. Barrett (1952) has described a change in the genetics 
of transplantation of a tumour following its growth in a strain foreign to the 
strain of origin. He considered that the change which occurred was not explained 
simply by loss of genetic specificity. It is certain that, at one stage during this 
change, the cells composing the tumour must have been heterogeneous in respect 
of the genetics of their transplantability. 

The use of quantitative methods of transplantation in the study of what has 
recently been termed “ immunogenetics ” (Barrett, 1952) invites an experimental 
approach to this subject which appears to have received little attention. Such 
an approach would require the development of methods of single cell isolation 
analogous to those used in bacteriology, followed by comparison of the properties 
of tumours derived from such single cells, Mutational changes affecting the gene- 
tics of transplantation, growth rate and histological appearance are commonly 
observed in transplantable tumours (Snell, 1949). Segregation methods should 
greatly increase the scope of such observations. 


SUMMARY. 


1. Methods are described of preparing single-cell suspensions of mouse sarco- 
mata from solid and ascitic tumours, of finding the viable tumour cell density in 
the suspensions, and of “ titrating ” them for tumour producing activity on inocula- 
tion. From the results of the titrations a TD50 value (the number of viable 
sarcoma cells required to give tumours in half the inoculated sites) was calculated 
by a standard method. 

2. Sixteen titrations of S37 performed in mice of impure stock, all members of 
which grew the tumour from massive inocula, gave a mean TD50 of 1641 with a 
coefficient of variation of 51 per cent. 

3. The ratio of the TD50 values given by paired titrations of a S37 suspension 
ranged from 1-0 to 1-82 in 8 different experiments. 

4. Intramuscular inocula of S37 cells gave a significantly lower TD50 than 
subcutaneous inocula. 

5. The tumour-producing activity of cell doses near the TD50 did not appear 
to be suppressed by larger inocula placed simultaneously elsewhere in the same 
animal 


6. The TD50 was not modified by the addition of “‘ Hyalase ” to the inocula. 

7 A large preponderance of dead cells and debris in the inocula did not reduce, 
but may have enhanced the production of tumours from viable cell doses near 
the TD50. 

8. The TD50 values given by viable 837 cells obtained from solid tumours 
were not significantly different from those given by the corresponding cells of 
ascitic tumours. 

9. The TD50 given by the viable tumour cells of a C3H sarcoma in C3H mice 
was about 25. Mice over one year old did not give a value higher than 3-month- 
old mice. 

10. The significance is discussed of the notable difference in TD50 levels given 
by S37 in an impure strain of mouse and by the C3H sarcoma in the homologous 
mouse strain. 


| 
| 
Le 
| 
|’ 
| ‘ 
“? 
| 
| 
| 
A 


QUANTITATIVE TRANSPLANTATION OF MOUSE SARCOMA 383 


11. An appreciable incidence of tumours was obtained in C3H mice from cell 
doses of under 10 viable sarcoma cells. The implication of this finding for the 
problem of cell-free transfer is discussed. 


I wish to express my gratitude to Miss Catherine Fysh, B.Sc., for skilled tech- 
nical assistance, and to Professor R. J. V. Pulvertaft and Dr. R. J. O’Connor for 
valuable encouragement and advice. I am indebted also to the British Empire 
Cancer Campaign for grants during the tenure of which these investigations 
were made. 
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IN a previous paper (Hewitt, 1953) a method for the preparation and titration 
of single-cell suspensions of Sarcoma 37 was described. When 4~-6-week-old 
mice of an albino strain which was not genetically homogeneous were used for 
the titrations, an average TD50 value of 1600 presumed viable S37 cells was 
obtained. This is to say that about 1600 cells were required to give palpable 
tumours in half the inoculated subcutaneous sites of inoculation. This average 
value was much higher than the TD50 values obtained from titrations of a C3H 
sarcoma in C3H mice (i.e., about 25 cells). It was concluded that the relatively 
high TD50 values obtained for S37 were owing to genetic differences between the 
tumour and the hosts to which it was transplanted. Since the genetic consti- 
tution of the mouse in which 837 arose must remain unknown, it is impossible 
to examine this conclusion by titrating the tumour within a genetically homo- 
geneous system. On the other hand it is necessary to exclude certain other 
factors which could be responsible for the relatively high TD50 levels obtained 
for $37 in adult mice. 

Fischer (1935) found that S37 could not be cultivated in vitro; Lasnitzki 
(1952) found that a high proportion of 837 ascitic cells underwent transformation 
from a round to a spindle form in vitro, and that the transformed cells did not 
subsequently divide. These findings suggest the possibility that the high TD50 
values obtained for 837 may result, not from the action of inhibitory factors in 
the host, but from an intrinsic incapacity to divide that is common to the majority 
of cells in both the solid and the ascitic tumours. 

It was considered that if natural immunity were responsible for the high 
TD50 values obtained in mature mice of the strain used, then the TD50 should 
vary with the age of the animals used for the titration. Natural immunity is 
subject to a maturation factor, and should be quite low in new-born mice. Chick 
embryos do not react to chorio-allantoic grafts of mammalian tissue until 2 to 
3 days before hatching, by which time the chicks are in an advanced state of 
development. Mice, by comparison, ave considerably more immature at birth, 
and it is probable that natural immunity, as distinct from passive immunity 
acquired from the mother, should be absent or very low at birth. 

This paper is an account of the effect of age of host on the quantitative 
transplantation of 837 to mice of a strain, all the adults of which will grow palpable 
tumours from large inocula. The results have been compared with similar data 
obtained from the titration of a C3H sarcoma in C3H mice and with quantitative 
data reported by other workers for different tumours. 
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MATERIALS AND METHODS. 


S837 was maintained as ascites tumours by serial intraperitoneal passage. 

All mice were of an albino stock which was not genetically pure, and which 
had been used extensively in quantitative 837 experiments described elsewhere 
(Hewitt, 1953). 

The methods of preparing, counting and titrating single-cell suspensions of 
viable sarcoma cells have been described in detail in a previous paper (Hewitt, 
1953). Each cell dose inoculated in new-born mice was in a volume of 0-05 
ml., the inoculations being made with a tuberculin syringe carrying a Schick 
needle. Each mouse received 4 subcutaneous inoculations of the appropriate 
cell dose, one in each axilla and one ineach groin. The new-born mice were allowed 
to remain with their mothers throughout the experiments. They were anaes- 
thetised with ether to facilitate accurate placing of the inocula, but were allowed 
to recover completely from the anaesthetic before being returned to their mothers. 


EXPERIMENTS AND RESULTS. 


In Fig. 1 the points plotted represent the percentage incidence of palpable 
tumours from inocula containing various numbers of viable tumour cells (ex- 
pressed logarithmically) calculated from the cell count of a dense suspension and 
the dilution factor. The points shown were obtained from the data of various 
experiments. Although the points are insufficient in number and accuracy to 
disclose the true character of the curve relating log. cell dose and tumour incidence, 
they serve to show the general trend of the relationship. 

Litters born to mothers which had been rendered completely resistant to 
S837 by their having regressed a tumour before pregnancy ensued gave results 
which did not depart appreciably from those indicated in the graph. 

The TD50, read from the graph, is approximately 9 viable tumour cells. This 
figure is less than that obtained for the titration of C3H sarcoma in C3H mice 
over one year old, that is, 18 viable cells. 

Certain technical difficulties have the effect of reducing the observed percentage 
of tumours obtained from specified cell doses below the maximum value. Owing 
to the fact that the tumours which form in the suckling mice quickly reach a size 
which jeopardises health and movements, some animals die with tumours in 2 
or 3 of the inoculated sites before all sites have been observed for a sufficiently 
long period to exclude tumour formation in them. The incidence of tumours 
recorded for any group thus tends to be submaximal. A further difficulty is 
that a proportion of each inoculum volume often exudes from the needle track 
after withdrawl of the needle. Cell counts and volume measurements of the 
exuded fluid have shown that a quarter or more of the inoculated cells are lost 
in this way. If these known errors were to be eliminated, the points in the 
graph would be shifted slightly upward and to the left of their present positions, 
and the TD50 would be rather lower than is obtained from the results as they 
stand. 


The effect of the diluent on the activity of sarcoma cells in dilute suspensions. 
Craigie (1949), discussing various technical requirements for the quantitative 
transplantation of tumour cells, drew attention to the inimical effects of various 
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diluents upon the viability of tumour cells. In a later paper (Craigie, Lind, 
Hayward, and Begg, 1951) an account was given of certain atypical cells which 
composed about 5 per cent. of the tumour cells in undiluted 837 ascitic fluid. 
These cells were distinguishable from the modal cells when seen by a specified 
system of phase-contrast illumination, and the term “ paramorphic ” was pro- 
posed for them. Although displaying an exceptional resistance to certain en- 
vironmental conditions, paramorphic cells sustained lethal damage on extreme 
dilution in physiological salt solutions. For titrating such cells it was therefore 
considered necessary to vary the cell dose by using a micrometer syringe to vary 
the volume of suspension inoculated (Craigie, 1952). 
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Fic. 1.—Proportion of subcutaneous sites giving palpable tumours after the inoculation 
of various mean doses of viable S837 cells. Results in new-born mice. The number 
beside each point is the number of sites inoculated at that dose level. : 


Diluents in which inoculated cells were suspended : 


© Tyrode solution. 

Z\ 0-5 per cent gelatine in Tyrode solution. 

@ 33 per cent mouse ascitic fluid in Tyrode solution. 
A 10 per cent ascitic fluid in Tyrode solution. 


The suspensions used to obtain the points shown in Fig. 1 were dilutions in 
various fluids, and the points have been variously signified in accordance with 
the diluents used in each case (see key to Fig. 1). It will be seen that the points 
are not disposed in any way which suggests a characteristic influence of any of 
the diluents on the activity of the inoculated cells. The points below the 25 
per cent level were obtained from the inoculation of 0-05 ml. volumes of ascitic 
fluid which had been diluted over one million times in a medium consisting of 
0-5 per cent gelatine in Tyrode solution, final pH 7-3—7-4. Successful transplanta- 
tion using such extremely diluted suspensions, and failure to demonstrate any 
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advantage of slightly diluted ascitic fluid, indicates that paramorphic cells could 
have had no paramount influence in the results obtained. It can be inferred also 
that the gelatine-tyrode medium is not less adequate as a diluent than a 3-fold 
dilution of ascitic fluid in Tyrode solution. 


Rate of loss of high susceptibility of new-born mice with maturation. 

A counted sample of 837 malignant ascitic fluid was diluted in 0-5 per cent 
gelatine in Tyrode solution to contain about 100 viable S837 cells in 0-05 ml. 
(the inoculum volume). 

Single litters of various ages were selected at random from the albino mouse 
stock, and each mouse received four subcutaneous inocula of the diluted cell 
suspension in the usual four subcutaneous sites. The order of inoculation was 
so arranged that the interval elapsing between the time of preparation of the 
dilute suspension and the average time at which the mice of any litter were in- 
oculated was equal for all the litters. The sites were examined for palpable 
tumours for a maximum period of 30 days. Some mice of the youngest litters 
had to be sacrificed before 30 days, and the tumour incidence recorded for their 
groups thus tended to be submaximal ; the incidence for the older mice was not 
subject to this error. 
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Fic. 2.—Proportion of inoculated sites giving rise to palpable tumours for mice of various 
ages. The average number of viable 837 cells inoculated was 100 in each case. The 
number beside each point is the number of sites inoculated at that age level. 


In Fig. 2 the incidence of tumours in sites receiving a viable $37 cell dose of 
100 is shown for mice of various ages. It will be seen that resistance increases 
quite rapidly within the first week after birth and subsequently increases more 
gradually. 
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Quantitative transplantation of S37 in mature mice of different age-groups. 
A single-cell suspension of 837 was titrated in three series of mice, all from 
the same albino stock that provided the new-born mice and belonging to the 
following age-groups: 18-25 days; 143-174 days; 268-296 days. Each series 
consisted of 6 groups of 3-4 mice. The incidence of palpable tumours in the 
inoculated sites was recorded for a period of 27 days following inoculation. 

In Table I the TD50 value given by each series is given together with its 
limits of error. The TD50 and its error were calculated from the titration data 
by the method of Irwin and Cheeseman (1939), and the limits of error in each case 
were obtained from a value 3 x S.E. 


TaBLE I.—7'D50 Values given by Mice of Various Age Groups. S37. 


Age range of TD50 (viable Limits of 
mice (days). tumour cells). error of TD50. 
18— 25 479 (104-2203) 


It will be seen from these results that the youngest mice gave a TD50 which 
is significantly lower than that for the mice of intermediate age. The difference 
between the youngest and the oldest mice is not significant, but the TD50 given 
by the oldest mice is considerably lower than that given by the mice of inter- 
mediate age. This last different, however, does not attain a significant level by 
the Irwin and Cheeseman (1939) test. When the total incidences of tumours in 
all the inoculated sites were worked out for each series and tested for significant 
differences by calculating x?, it was found that the incidence in the mice of 
intermediate age was significantly lower than that in either the youngest mice 
(p = < 0-001) or the oldest mice (p = 0-02-0-05). There was no significant 
difference between the incidences in the oldest and youngest mice (p = 1-0). 

It is concluded from these results that quantitative resistance to 837 is very 
low at birth, rises to a peak during the period of full physiological maturity, and 
subsequently tends to decline. 


DISCUSSION. 


The fact that immature animals generally show a considerably higher suscepti- 
bility to infective agents than adults is widely recognised. Duran-Reynals 
(1946), reviewing studies of the influence of age of host on infection, distin- 
guishes the effect of maturation upon the susceptibility of the cell to infection, 
and upon the development of the general systemic processes by which an animal 
manifests resistance to foreign biological material. With cellular susceptibility 
we are not here concerned. The systemic mechanisms by which resistance is 
manifested are cellular and humoral. In the case of resistance to tissue grafts, 
it appears that cells primarily are concerned in the resistance mechanisms (Murphy, 
1926). Humoral antibodies against tissue, though demonstrable, have not heen 
shown to play any part in resistance to homologous grafting, either in skin trans- 
plantation between rabbits (Medawar, 1948) or in tumour transplantation between 
different strains of mice (Barrett, 1952). Most, if not all, attempts to transfer 
resistance against homologous tumours passively by the inoculation of serum from 
resistant animals have failed. Mitchison (1953), for example, was able to transfer 
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immunity using lymph nodes but not using serum or peritoneal exudate. Young 
mice would therefore not be expected to possess resistance against a homologous 
tumour by virtue of maternal serum factors reaching them by the transplacental 
route before birth or by the colostrum after birth. In the course of the present 
studies it has been observed that a litter from a mother which was completely 
resistant to $37, a tumour having regressed in her before pregnancy ensued, showed 
the same high susceptibility as the litters of normal mothers. The gross develop- 
ment of the lymphatic system appears to be quite advanced in new-born animals 
as indicated by the presence of the thymus and by the existence of lymphocytes 
in the circulation. If it is assumed that the lymphocyte is responsible for tumour 
immunity, then the low resistance of new-born mice must be ascribed to func- 
tional immaturity of the lymphatic system. 

The TD50 given by the titration of 837 in new-born mice, as will be seen from 
Fig. 1, is about 9 viable sarcoma cells. The trend of the points shown in the 
graph suggests that the percentage of tumours to be expected from an average 
inoculum of | viable cell is about 7. It is of interest to note that Furth and 
Kahn (1937) succeeded in transplanting leukaemia to about 5 per cent. of their 
inbred mice by the intravenous inoculation of a single leukaemic cell. Kahn 
and Furth (1938) obtained only about 20 per cent of tumours from subcutaneous 
sites inoculated with 50-100 viable sarcoma cells in circumstances where there 
was no genetic difference between the animal in which the tumour arose and 
those to which it was transplanted. A C3H sarcoma gave a TD50 of 18 viable 
tumour cells when titrated in old C3H mice (Hewitt, 1953). It is evident from 
these comparisons that the results of quantitative transplantation of S37 in new- 
born mice of a heterogeneous strain of which the adults exhibit some resistance 
to small inocula, are compared with those obtained for similar tumours within a 
genetically homogeneous tumour-host system. The use of new-born mice there- 
fore provides a more uniform and more sensitive system for the detection or 
assay of viable tumour cells in circumstances where, owing to limited facilities 
or to the use of genetically unknown tumours, a genetically homogeneous system 
cannot be achieved. 

It will be seen from Fig. 2, however, that quantitative resistance increases 
perceptibly within the first week of life. This being so, it is likely that very differ- 
ent quantitative results would be obtained from the titration in new-born mice 
of tumours with a slower growth rate than 837. In these circumstances resistance 
factors could produce their effects before the tumours became palpable. A 
lymphoma which occurred spontaneously in a mouse of the albino strain used in 
these experiments gave a TD50 of over 10,000 viable cells when titrated in new- 
born mice ; Krebs’ carcinoma ascitic cells gave a TD50 of over 2000 viable cells. 

It must be concluded from the results of titrating S37 in new-born mice that 
the high TD50 levels obtained in adult mice of the same stock (i.e., about 1600) 
were due to immunity factors and not to intrinsic limitations of the proliferative 
power of the cells. 

An estimate can be made of the proportion of inoculated 837 cells which are 
capable of continued proliferation if it is assumed that such cells are not subject 
to any hazard affecting their proliferation once they have been successfully 
deposited in the host tissues. In these circumstances the dose-response curve 
would represent the chances of getting one or more “ taking units’ in random 
samples (inocula) taken from suspensions containing different mean densities of 
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“taking units.’”” When, as here, the conditions of sampling justify the use of 
the Poisson series, the chances of obtaining at random a sample (inoculum) 
containing no “ taking unit ” is connected by a calculable relation with the mean 
number of such units per sample in the suspension. This chance is given as 
e-™, where m is the mean number of units per sample (Fisher, 1950). When 
m = 1, e-™ = 37 per cent. From Fig. 1, a suspension which gives 37 per cent 
of negative sites (63 per cent of takes) contained a mean density of about 17 
tumour cells per inoculum, and this evidently constitutes a single “‘ taking unit.” 
Thus, when it is assumed that there are no influences at the inoculated site which 
inhibit continued proliferation of a cell intrinsically capable of giving rise to a 
palpable tumour, then the results reported indicate that such cells are present 
in a proportion of about 1: 17 (6 per cent) of the population of cells designated 
as living 837 cells on the grounds of their resistance to staining with trypan blue 
and their diameters (> 9). The frequency with which abnormal mitoses and 
cellular pleomorphy are found in rapidly growing tumours would seem to indicate 
that there may be a continuous production of cells which, though alive, are 
intrinsically incapable of indefinite proliferation. Various observations have been 
made which suggest that this is the case. Fischer (1935) was unable to cultivate 
solid S37 in vitro, and concluded that dying cells exceeded living cells in this 
tumour. Lasnitzki (1952) found that the majority of S37 ascites cells failed to 
divide in vitro. She found also that one-third to two-thirds of the mitoses seen 
in the ascitic cells in vivo were abnormal. Since it is unlikely that all mitotic 
abnormalities are visible, it is possible that the proportion of mitoses which are 
abnormal in vivo may reach 50 per cent. Koller and Smithers (1946) give experi- 
mental proof that loss of chromosomes or of chromosome segments leads to the 
death of the cell. On the other hand, there is evidence that cells with a defective 
chromosome complement may survive and divide under conditions where con- 
tiguity between the cells is preserved, while being unable to do so when isolated 
from one another (Koller, 1947). These considerations favour the assumption 
that a significant proportion of the S37 ascitic cells are unlikely to be capable of 
indefinite proliferation and tumour formation. Furthermore, if the cells should 
be dependent upon one another for a stimulus to divide, dilution may reduce the 
proliferative power of an inoculum, not by damaging individual cells, but by 
abolishing essential mutual influences between the cells. When allowance is 
made for these intrinsic limitations within the transplanted inoculum, it appears 
that the hazards encountered by any fully capable cell in the course of trans- 
plantation may be considerably less than is often supposed. 

The gradual rise in TD50 level which occurs as maturity advances and the 
tendency for it to fall as senescence approaches are observations which accord 
with the findings of others. Little (1920) showed that, whereas the adult mice 
of a certain strain were totally insusceptible to transplantation of a certain tumour, 
the tumour would take in 19 per cent of 2-10-day-old mice and in 9 per cent of 
12-20-day-old mice of the same strain. Little (1941) refers to Strong’s obser- 
vation that tumour transplants grew better in very old mice than in mice in their 
physical prime. These age changes were noted only in the case of tumours 
transplanted to mice genetically different from the mouse in which the tumour 
arose, and it is likely that they reflect age changes in immune responsiveness. 

Although the evidence here reported shows that the number of S837 cells 
required to give tumours in new-born mice of a heterogeneous strain is com- 
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parable to the number of leukaemia or sarcoma cells required for successful 
transplantation within a genetically homogeneous system, the results are strictly 
in accordance with the supposition that cells are indispensable for successful 
transfer of the tumour. They emphasise the necessity for applying scrupulous 
criteria for cell exclusion in experiments designed to prove non-cellular trans- 
mission of tumours. Klein (1952), for example, in experiments similar to those 
of Stasney, Cantarow and Paschkis (1950), obtained tumours from the inoculation 
of material believed to consist only of chromatin fragments and prepared from 
transplantable lymphomas. Although cells and nuclei could not be seen in stained 
smears of the inoculated material, it was found that the tumours resulting from 
the inoculations had the genetic constitution of the mouse strain originally donat- 
ing the tumour and not that of the inoculated hosts. Klein (1952) concluded 
from this finding that the tumours had arisen from intact cells which had con- 
taminated the fragmented material. It is clear, from the results here reported, 
that microscopic examination of the whole of an actual inoculum is required if it 
is to be deemed free from intact tumour cells. 


SUMMARY. 

1. Quantitative transplantation of 837 in new-born mice of a heterogeneous 
strain gave results similar to those obtained for the transplantation of a C3H 
sarcoma in adult C3H mice. The number of presumed viable tumour cells 
required to give palpable tumours in half of the inoculated sites (the TD50) 
was 9 


2. From the dose-response curve, it was estimated that the proportion of 
viable tumour cells in 837 ascitic fluid which are capable of giving rise to a tumour 
is between 1 in 10 and 1 in 20 when it is assumed that the inoculated cells are 
subject to no hazards in the host. 

3. The high susceptibility of suckling mice to very small inocula of S37 cells 
falls steeply in the first week of life and subsequently more gradually. 

4, Evidence that serial dilution of the cell suspensions in an artificial diluent 
is not accompanied by progressive inimical effects upon the cells is given by the 
production of tumours from ascitic fluid which had been diluted over one and a 
half million times in 0-5 per cent gelatine in Tyrode solution. 

5. Mice 5-6 months old gave a TD50 level for 837 cells which was significantly 
higher than that given by mice 18-25 days old or mice 9-10 months old. 

6. It is suggested that the use of new-born mice for the titration of 837 cells 
gives results equivalent to those obtained from titration of the cells of similar 
types of tumour within a genetically homogeneous system. 

7. The significance of the results is discussed in connection with the prolifera- 
tive potentialities of individual 837 ascitic cells, and in connection with experi- 
ments designed to demonstrate cell-free transmission of tumours. 


I am indebted to Miss Catherine Fysh, B.Sc., for skilled technical assistance, 
and to the British Empire Cancer Campaign for grants during the tenure of which 
these investigations were made. 
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SEVERAL attempts have been made to purify and isolate the particulate agent 
or virus associated with mammary carcinoma in certain strains of mice, with a 
view to its identification and the study of its morphology by electron microscopy. 
The conclusions reached by different observers, particularly about the average 
size of the particles identified with the active agent, have been considerably 
at variance. 

Passey, Dmochowski, Reed and Astbury (1950) and Dmochowski, and Passey 
(1952) have described an extensive investigation in which biological tests for the 
presence of the agent in extracts of tissues and milk from high and low cancer 
strain mice were correlated with the appearance of the same extracts in the 
electron microscope. They conclude that the tumour-inducing activity is associa- 
ted with typical particles of diameter 200-300 A, preparations of high activity 
containing large numbers of these particles and inactive extracts containing none 
or very few. 

Graff et al (1949), using as starting material milk from RIII and C57 mice, 
and C57 mice foster-nursed by RIII mothers, claim to have isolated from infected 
milk, after treatment with chymotryspin and differential centrifugation, particles 
of diameter 750-1000 A which they regard as the mouse mammary carcinoma 
virus. The method of extraction differed from that used by Passey et al. (1950) 
but this could hardly account for the large difference in size. 

Porter and Thompson (1948) carried out an electron microscope investigation 
of epithelial cells grown in tissue culture from spontaneous and transplanted 
adenocarcinoma in C3H mice. They found that in three out of six preparations 
spherical particles were present in the cytoplasm of the cells. These had a double 
structure—a dense centre portion of diameter about 750 A and a less dense outer 
zone of diameter approximately 1300 A. They conclude that their findings are 
consonant with the view that the particles represent the milk agent. 

Huseby, Barnum and Bittner (1950), on the other hand, observed particles 
of diameter 500-2500 A in extracts of milk.and mammary gland tissue but were 
unable to distinguish in the active extracts any distinctive particles which could 
be identified with the virus. 

In view of the long period required to obtain results from biological tests for 
the agent, any method of assaying rapidly the activity would be of great value 
in experimental work. The electron microscope appears to offer a possible 
solution but so far the results have been disappointing and indeed contradictory. 
The main problem lies of course not in the microscope itself but in devising methods 
of specimen preparation capable of revealing the presence or absence of the agent. 


* Working under a full-time grant from the British Empire Cancer Campaign. 


394 A. F. HOWATSON 
It was thought that a new attack on the problem involving a direct comparison 
of extracts of tumours from agent-carrying and agent-free mice of the same strain 
might give a conclusive answer. For our experiments we were fortunate in having 
available, through the courtesy of Dr. B. D. Pullinger, RIIIb mice which have been 
deprived of the milk agent by cross-suckling. An RIII mouse bearing an agent- 
containing tumour was kindly supplied by Dr. J. Craigie, Director of the Imperial 
Cancer Research Fund Laboratories, the tumour maintained thereafter by sub- 
cutaneous grafting in RIIIb mice. The adenocarcinoma Tvi 21 which is free of the 
agent (Pullinger, 1952) was similarly maintained in RIIIb mice. 

In addition extracts of mammary tumours in CBA and stock mice and normal 
tissue from mouse, rat, guinea-pig and hamster were examined. 


Electron microscope technique. 

In making deductions from electron micrographs it is important to examine 
carefully the various procedures which result in the final photographs, and the 
limitations imposed by these procedures. This is particularly so where deductions 
are based on the assessment of the concentration and size distribution of particulate 
material in a given sample. The usual method of preparing a specimen for exami- 
nation is to apply a drop of the suspension to a filmed specimen mount from a 
pipette or platinum ring, most of the liquid being subsequently drained off and the 
deposit allowed to dry. This method may lead to serious error as the particle 
distribution produced is seldom uniform, and aggregation and flattening of the 
particles may occur during drying. 

Fig. 1 and 2 illustrate this point. They show parts of a supporting film on 
which was deposited by the method outlined above an extract from a mammary 
tumour ina CBA mouse. The concentration and size-distribution of the particles 
appear quite different. Other parts of the same supporting film contained few 
or no particles. It is consequently a matter of some difficulty to select an area 
of the film which is truly representative of the sample. Moreover, in spite of 
precautions to ensure cleanliness, it is not unusual to find contamination of the 
supporting film in the form of small particles of carbon, etc., which might easily 
be mistaken for specimen material. 

These uncertainties may be very considerably reduced by adopting a spraying 
method of depositing specimen material on the supporting film (Backus and 


EXPLANATION OF PLATES. 
The magnification in all the Figures is x 13,000. 
Fic. 1 and 2.—Mammary tumour in CBA mouse. Neighbouring areas on supporting film. 
Specimen deposited by “ large drop ” method. 
Fie. 3. on droplet pattern showing contents of a single drop obtained by spray-gun 
meth 


Fic. 4.—Mouse spleen extract. This and all the subsequent figures show parts of droplets 
deposited by the spraying method. 

Fic. 5.—Agent-containing mouse mammary tumour extract. » 

Fie. 6.—Agent-free mouse mammary tumour extract. 

Fie. 7.—Extract of Mill Hill 2 endothelioma. 

Fic. 8.—Extract of GRCH 16 chemically-induced tumour. 

Fic. 9.—Extract of normal chicken spleen. 

Fie. 10.—Extract of skeletal muscle from chicken. 

Fie. 11.—Intact mitochondrion isolated from normal rat liver. 

Fic. 12.—Partially disrupted mitochondrion from rat liver. 

Fie. 13.—Group of mitochondrial membranes. 
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Williams (1950)) as was done throughout the present investigation. A commer- 
cially produced atomiser or spray gun operated from the high-pressure air line was 
found to be satisfactory The specimen was deposited by directing a fine spray 
of droplets of the extract to be examined on to filmed specimen mounts. The 
droplets, being only a few microns in diameter, dry almost immediately, thus mini- 
mising aggregation of particulate material. Each droplet is a representative 
sample of the extract and most are small enough to be included in a single 
micrograph. Thus to obtain information about a given extract it is necessary to 
photograph only a few droplet patterns instead of searching the whole field. A 
micrograph showing a complete droplet pattern, somewhat smaller than the 
average, is illustrated in Fig. 3. 


Preparation of extracts. 

The standard procedure was kept as simple as possible, to avoid the intro- 
duction of unknown factors and in order that the effect of variations in procedure 
or subsequent treatment of the extracts could readily be followed by electron 
microscope examination. As far as possible the treatment of agent-containing 
and agent-free tumours was identical. 

A weighed amount of tissue was homogenised for a few minutes in a glass 
homogeniser, the suspending fluid (usually distilled water) being added slowly to 
give a final tissue concentration of 2 per cent. The extract was centrifuged for 
5 minutes at 2000 g. and the sediment discarded. The supernatant was then 
centrifuged for 15 minutes at 15,000 g. in a Servall SS2 angle centrifuge. A small 
quantity of the resulting supernatant was removed and, without further dilution 
sprayed on to collodion-coated specimen mounts. The specimens were shadowed 
at an angle of 15° with gold-palladium. Two or three droplet patterns were photo- 
graphed, this being all that was usually required to indicate the nature of the 
constituents present in the extract. 

Fig. 5 and 6 show typical micrographs obtained in this way from agent- 
containing and agent-free mammary tumours. Both extracts contain much 
particulate material together with fragments of mitochondria, collagen fibres and 
other cellular debris. These larger fragments can be removed if desired by further 
centrifugation, leaving an array of macromolecular particles on a background 
composed of low molecular weight material, which is not generally resolved by the 
electron microscope. The particles are approximately spherical and, although 
covering a range of size, are predominantly of diameter 250-300 A, the size attri- 
buted to the milk agent by Dmochowski and Passey (1952). 

The particle-size distribution based in each case on the measurement cf 200 
particles, is shown in histogram form in Fig. 14 (a) and (6). The number of 
particles present in a given extract depends somewhat on the type of tumour, 
the efficiency of homogenisation and the centrifugal forces employed but provided 
the simple standard procedures outlined were adhered to, the variations were 
small. Despite careful search, it was not found possible to detect any significant 
difference in the number, size or appearance of the particles present in the droplet 
patterns obtained from extracts of agent-containing and agent-free tumours. 

The failure to observe any difference in the tumour extracts is readily under- 
stood when similarly prepared extracts of normal organs are investigated. In 
nearly every case examined, including spleen, liver, marrow, brain and lymph 
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nodes of mouse, and spleen of rat, guinea-pig and hamster, many particles similar 
in appearance to those illustrated were present. An exception was skeletal 
muscle tissue, in extracts of which only very occasional particles were found (Fig. 
10). No particles could be detected in serum or plasma from mouse blood. 

In spleen extracts the particles were particularly well defined and uniform in 
diameter. Fig. 4 shows a typical field. The histogram in Fig. 14(c) shows that 
in size-distribution, these presumably normal particles do not differ significantly 
from those derived from tumour tissue. 

It is apparent that simple fractionation procedures are not sufficient to effect a 
separation enabling the pathogenic particles to be distinguished from the numerous 
cell particulates of similar size and shape which are also present. This, of course, is 
a well-known difficulty in the isolation of viruses, and it is particularly serious in 
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Fie. 14.—Size distribution of particles in extracts of (a) agent-containing mouse mammary 
tumour, (b) agent-free mouse mammary tumour, and (c) normal mouse spleen. 


the field of the smaller animal viruses, where it has been satisfactorily overcome 
in only a few cases. A number of attempts to resolve this difficulty and improve 
the separation of normal and infective particles are described in the following 
sections. 


Action of enzymes. 

Incubation with trypsin and other enzymes has been used effectively as a step 
in the purification of a number of viruses, the action of the enzyme being to dissolve 
much of the cellular materia! while leaving the virus intact. An attempt was 
made to differentiate in this way between normal and infective particles by study- 
ing the action of the enzymes trypsin, chymotrypsin, ribonuclease and deoxyribo- 
nuclease on extracts of agent containing and agent-free tumours. The extracts, 
prepared as previously described were incubated at 38° C. in the presence of the 
enzyme in a concentration of 0-1 mg. per ml. of the extract. Samples of the extract 
and of control extract without enzyme were removed at intervals up to 24 hours 
and examined as previously described in the electron microscope. Incubation 
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with trypsin and to a lesser extent chymotrypsin resulted after 1 hour in a marked 
reduction in the number of particles present. After 4 hours very few particles 
were visible in either the agent-containing or the agent-free extract. The con- 
trol preparations were apparently unaffected by 4 hours’ incubation, but aggrega- 
tion of the particles occurred after 24 hours. After similar treatment of the extracts 
with ribonuclease and deoxyribonuclease, the main effect observed was accelerated 
aggregation of the particles, without, however, any obvious diminution in the 
amount of particulate material present. 

The results of other workers on the effect of trypsin and chymotrypsin on 
mouse milk and tumour extracts have been contradictory. Graff et al. (1949) 
used crystalline chymotrypsin to remove casein in infected milk, but reported 
that subsequent treatment with crystalline trypsin dissolved all particulate 
material. Passey et al. (1950), on the other hand regularly used incubation with 
trypsin as a step in their purification procedure. 

It is interesting to note that particles similar to those observed in animal 
tissues have recently been reported in extracts of bean root cells, and that the 
effect of enzymes on them correspond closely to that described in the present 
work (Robinson and Brown, 1953). 


Effect of cold storage. 

Passey et al. (1950) reported that storage of extracts for several days in an ice- 
chest resulted in a diminution in the number of particles in extracts of normal 
breast tissue but not in tumour extracts. In the present experiments no effect 
of this sort has been observed in extracts kept in a cold room at 0° C.—4° C. for a 
week or more. In one instance extracts from agent-containing and agent free 


mouse mammary tissue were prepared in the usual manner, one aliquot of each 
being examined immediately and a second aliquot after storage for one month 
in a refrigerator at —12° C. No change in the appearance of the extracts was 
discernable after this treatment. 


Other attempts. 


A number of viruses are adsorbed to erythrocyte membranes, and this property 
can be usefully employed in preparing them in purified form. The physical 
properties of influenza and related viruses have been studied by electron micro- 
scope examination of the virus adsorbed to laked fow] red cells (Dawson and Elford, 
1949). Although there is little or no evidence that tumour viruses are so adsorbed, 
a few preliminary experiments were made in an attempt to visualise the virus 
particles on the membranes of laked fowl erythrocytes. These were unsuccessful, 
although, owing to the rather coarse texture of the membrane, it is possible that 
particles smaller than 300 A in diameter might have escaped detection. 

An attempt was made to obtain by electrophoresis some fractionation of the 
particulate content of extracts prepared as before by homogenisation and centri- 
fugation. After the electrophoresis run, samples were removed from the region 
of the leading and lagging boundaries and from the centre portion of the column. 
After dilution these were sprayed on to supporting films, shadowed, and examined 
in the electron microscope. The buffer salts, which crystallise on drying, can 
fairly readily be distinguished from organic material, but the latter shows a ten- 
dency to aggregate in the presence of electrolytes. This effect had previously 
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been observed when physiological saline was used as extracting medium. The 
results of these and similar attempts with avian tissues were not encouraging, 
as neither the electrophoresis patterns nor the electron micrographs indicated 
any distinct fractionation of the various particulate components. 


Investigation of chicken tumours. 

An investigation along similar lines was carried out in co-operation with 
Dr. P. R. Peacock on normal and tumour tissue from chickens. A comparison 
was made between extracts of the Mill Hill 2 endothelioma which has all the attri- 
butes of a “‘ virus” tumour and the chemically-induced GRCH 16 tumour which 
has no such “ filterable ” properties. In addition Rous No. 1 sarcoma and 
normal chicken tissue extracts were examined. Biological tests for the infectivity 
of the various preparations were carried out in many cases. 

The methods adopted were similar to those previously described, and need not 
be further detailed. Fig. 7 and 8 show the appearance of typical micrographs of 
extracts derived from “ virus ” and “ non-virus ” tumours respectively. Extracts 
of the first type regularly excite tumours on injection into susceptible birds, where- 
as the second type of extract, though apparently of similar particulate content, is 
completely innocuous. These micrographs may be compared with Fig. 9, which 
shows an extract from a normal chicken spleen. It is again evident that the 
infective particles, if present, are masked by the large quantity of other particulate 
material which occurs in normal as well as tumour tissue extracts. The number 
of infective particles present in an active extract is not known with any certainty, 
but on the basis of minimum infective dose measurements it may well be so small 
in relation to the normal particle content that the prospect of identifying them 
in such relatively impure preparations may be remote. 


DISCUSSION. 


It is evident that the problem of detecting and isolating infective particles 
in tissue homogenates (assuming that they do exist as separate entities) is greatly 
complicated by the presence of large numbers of cell particulates of similar physi- 
cal and chemical properties. It is indeed doubtful whether pure preparations of 
any of the tumour-producing viruses (with the possible exception of the Shope 
papilloma virus) have yet been achieved. 

The presence of large numbers of ultra-microscopic particles or microsomes in 
cell extracts has been recognised for some time. The lower limit of size (600 A) 
given by Claude (1946) appears to be arbitrary. Certainly most of the particles 
observed were smaller than this, though some shrinkage during desiccation may 
occur. The presence of still smaller cytoplasmic particles in cells fixed by osmium 
tetroxide has recently been demonstrated by high resolution electron micrographs 
of ultra-thin sections (Eaves, 1953, private communication). 

There is no doubt that the particles observed in the present experiments are 
products of the disintegrated cells, the spraying method giving consistent and 
conclusive evidence of their presence in the extracts. The dissolving action of 
trypsin and chymotrypsin is a strong indication that they are protein in nature. 
The crystalline trypsin used was tested for the presence of particulate material 
by spraying on to coated specimen mounts a solution 100 times as strong as that 
used in the experiments. On drying, a thin pitted layer of material remained 
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but no particles were observed. Less pure forms of trypsin may, however, be 
suspect since, as previously observed, particles of the size range under investigation 
are very widespread in animal tissues. : 

In addition to the microsomes, a possible source of particulate material is 
from the disruption of mitochondria. In hypotonic solutions mitochondria 
disintegrate readily and release their contents. The remnants of disrupted mito- 
chondria are frequently observed in aqueous extracts which have not been strongly 
centrifuged. To isolate intact mitochondria, differential centrifugation of homo- 
genates in hypertonic sucrose solutions has been successfully employed (Hogeboom, 
Schneider and Pallade, 1948). Fig. 11 shows an intact mitochondrion from 
normal rat liver isolated in this way. In Fig. 12 is shown a partially disintegrated 
mitochondrion with what appears to be an extrusion of particulate material. 
A group of mitochondrial membranes largely devoid of contents is illustrated in 
Fig. 13. It seems very probable that some of the particles observed in tissue 
extracts are derived from such disruptions. 

It is clear that the range of size of the normal cell particulates covers that of 
the smaller animal viruses. This is a major difficulty in the isolation of any 
presumed virus by purely physical methods such as differential centrifugation or 
filtration. In chemical composition also, the microsomes are found to be strik- 
ingly similar to certain known viruses, so that attempts at chemical or enzymatic 
separation may also fail. There remains the possibility of using the highly 
specific methods of serology, though even these may not distinguish normal from 
pathogenic particles unless the latter are of extraneous origin. 

The difficulty of identifying tumour-inciting particles, particularly the milk 
agent, by electron microscopy is enhanced by lack of independent data on size. 
Estmates have been made by finding the centrifugal force required to clear the 
supernatant of infectious material. There have also been some attempts to 
deduce the approximate size of the milk agent by measurement of sedimentation 
rates in an ultracentrifuge (Kahler and Bryan (1943)). The presence of normal 
particles and aggregates makes the interpretation of such experiments somewhat 
doubtful, but the evidence is in favour of the association of the infectivity with 
rather small particles of molecular weight 3—5 million, corresponding to a particle 
diameter of at most a few hundred angstroms. It is remarkable that no attempts 
appear to have been made to determine the approximate size of the milk factor 
particles by means of gradacol membranes, as has been done for example in the 
case of several fowl tumour viruses. By this method it should be possible to 
determine conclusively whether the infectivity is associated with particles in the 
large (> 1000 A) or small (< 300 A) size range. 

It is clear that further work is necessary to establish the elementary physical 
properties of the tumour viruses. The examination of tissue culture cells and of 
thin sections of fixed tissue may give valuable information, but is not likely to be 
conclusive because of the difficulty of relating the observations to biological tests. 
On the other hand, the method of extracting homogenised tissue, while convenient 
for biological testing, presents problems arising from the presence of much contami- 
nating material which can only be satisfactorily solved by the discovery of some 
action highly specific to the virus, which can be used for its isolation. 

In conclusion it is emphasised that the presence in tumour extracts of particu- 
late material in the size range of the smaller animal viruses is no indication that 
the particles are in any way related to virus activity, unless it can be conclusively 
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shown that there is a direct connection between the number of such typical 
particles and the biological activity of the extracts. 


The writer is greatly indebted to Dr. B. D. Pullinger and Dr. P. R. Peacock, 
without whose active co-operation and freely given advice it would not have been 


possible to carry out the investigation. 
This work forms part of a programme of virus research supported by the 
British Empire Cancer Campaign. 
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Howarp and Pele (1951) reported the uptake of S* sulphate into the nuclei 
of bean root cells in a form which resisted hydrolysis with n HCl at 60° C., and 
suggested that the isotope is localised in the protein fraction attached to desoxy- 
ribose nucleic acid (DNA). Since work in our laboratory was concerned with 
DNA synthesis, investigations were carried out to establish the S*®* sulphate 
utilisation, if any, of human bone marrow cells. The experiments described below 
present evidence that the ability to utilise S* sulphate is a specific property of 
the myeloid cells, and that the isotope is deposited in the cytoplasm in the form 
of an organic complex, thus suggesting a hitherto unknown specific function of 
the myeloid series of cells. 


METHODS. 


Cell suspensions from sternal marrows from 30 normal subjects, 4 patients 
with leukaemia and from the peripheral blood of 14 patients with leukaemia were 
cultured in vitro in a medium containing 80-90 per cent serum and 10-20 per 
cent Tyrode solution. The technique has been described in detail elsewhere 
(Lajtha, 1952a). S** sodium sulphate (carrier free, 5 wc./ml.) was added to the 
culture medium. After 6—48 hours incubation at 37° C. the cultures were opened, 
several smears made of the contents and the slides were fixed in 95 per cent 
alcohol. Autoradiographs were prepared by the stripping film method of Doniach 
and Pele (1950), and after processing, stained with Giemsa stain (Lajtha, 19526). 
The slides thus prepared allow a differential count as well as fairly accurate intra- 
cellular localisation of the isotope. It is possible to obtain an autoradiograph 
with an uptake of as little as 20-40 atoms of P* of S* per cell. 


RESULTS. 


A. The nature of the S® sulphate uptake. 


(1) The results of the autoradiographs from the S* sulphate cultures were 
unexpected for it was found that uptake of the isotope was restricted to the mye- 
loid series of cells. Blast cells, promyelocytes and myelocytes took up between 
400-800 atoms S* per cell per 24 hours. Band cells and polymorphs did not 
show any appreciable uptake within the first 12 hours of culture. In 24~48-hour 
cultures a varying percentage of polymorphs contained some isotope. These 
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presumably represented the cells newly formed from precursors actively taking 
up isotope. 

(2) The localisation of the isotope in the cells was mainly cytoplasmic, but 
a very small nuclear uptake could not be entirely excluded (Fig. 1 to 3). 

(3) Lymphocytes did not show any appreciable uptake and the nucleated 

cell series none at all. 

(4) No difference was found between the myeloid cells of the normal bone 
marrow and bone marrow or blood cells from acute or myelocytic leukaemia. 

(5) The uptake of S* sulphate has shown a time factor; in 6-hour cultures 
the uptake of isotope per cell was less than half of that found in the 24-hour cultures. 

(6) The uptake was also dependent on the concentration of the isotope in 
the medium. The uptake per cell was increased by increasing the concentration 
of the isotope in the culture medium from 1 to 5 and 10 wc./ml. 

(7) The incorporation.of 1 mg./ml. medium of barbiturate (Nembutal, Abbot) 
inhibited the uptake of the S* sulphate. The pH of the culture medium was not 
altered by this concentration of barbiturate. 

It was concluded from these observations that the uptake of S* is an active 
function of the cells. This function however, was not affected by the following : 

(8) A dose of 2000 r X-ray irradiation given to the cells, before adding the 
isotope to the culture medium, at the rate of 500 r./min. + 10 per cent (45 kV, 
2 mA/filtered by 3 mm. of glass, H.V.L. = 1-6 mm. Al), did not affect the S* 
sulphate uptake. 

(9) Also the uptake was not inhibited by a concentration of 0-0033 m 2-4 
dinitrophenol in the culture medium. 


B. The nature of the S* substance. 


The presence of S** in the cytoplasm of myeloid cells after culture in S* sul- 
phate was all the more interesting since most mammalian cells will not utilise 
sulphate. Experiments were designed to obtain information on the nature of 
the S* substance in the myeloid cells. The summarised findings are presented 
in Table I. 

(1) Since 2-3 hours’ washing of the slides in running water, or 1 hours’ incuba- 
tion at 37° C. in either distilled water or isotonic sucrose did not remove any 
isotope from the cells, the possibility that free sulphate diffusing into these cells 
was detected on the autoradiographs could be excluded. 

(2) Subjecting the slides to 1 m trichloroacetic acid for 30 minutes at 30° C. 
did not remove any isotope from the smears, suggesting a firm bond of S®*, in 
some form, in the cells. However, 15 minutes’ hydrolysis with 1 N or 0-1 N HCl 
at 20° C. removed the isotope ; in the HCl-treated slides no S* remained to show 


autoradiographs. 
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Fic. 1 to 3—S® sulphate uptake by human bone-marrow cells in vitro. Note that the activity 
is restricted to the myeloid cells, and that the localisation is mainly cytoplasmic. Stained 
autoradiographs, x 1200. 

Fia. 4, 5.—Methionine S* uptake by human bone-marrow cells in vitro. Note that the activity 
is not restricted to the myeloid cells, Fig. 5 is a group of normoblasts. The localisation 
of the isotope is both nucleic and cytoplasmic. Stai autoradiographs, x 1200. 
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TaBLE I.—Properties of the S** Substance in the Cytoplasm of 
the Myeloid Cells. 


Treatment of cells. S*® activity. 


Running water up to 3 hr. ° 
Distilled water 1 hr. at 37° C. . 

7 per cent sucrose 1 hr. at 37° C. 
Alcohol, ether 1’—15’ 

1 w trichloroacetic acid, 30’ at 20° Cc. 
1 or 0-1 w HCl 15’ at 20° C. 


1 m or 0-1 m Ba(OH), (in 10 per cent cane 
lin) 15’ at 20° C. . 

Neutral or acid formalin 30’ at "20° C. 

0-1 m BaCl, (pH 9-0)* 15’ at 20°C. . 

Distilled water (pH 9-0) 15’ at 20° C. 


Hyaluronidase 1 hr. at 37° C. . 
Amylase 1 hr.at 37°C. . 


0-9 per cent NaCl 1 hr. at 37° C. 

0-9 per cent NaCl 2 hr. at 20° C. . About } removed. 
10 per cent perchloric mt, 2 hr. at 20° C. * ” 

lw HCl, 5’ at 60° C. ” ” 


* At lower pH values the removal is not always complete. 


NoTEe.—When removal is incomplete, the eosinophils frequently 
retain some S®* activity even when all neutrophil myelocytes are 
negative. 


(3) It seemed unlikely that the S** administered as sulphate to mammalian 
cells would be transferred to SH groups in the cell. A search was therefore made 
for a sulphate compound in these cells. 

Although most sulphates form an insoluble precipitate with barium, it has 
been reported that the barium salt of chondroitin sulphate is soluble in water 
(Bray, Gregory and Stacey, 1944). It was thought that the S* in the cells might 
be in a form related to the chondroitin sulphates, therefore experiments were 
carried out to test the barium solubility of the S** compound in the cells. 

Both 1 m and 0-1 m Ba(OH), removed all the cells from the slides, but this 
could be prevented by making up the Ba(OH), solutions in 10 per cent formalin. 
The morphology of the cells on the slides thus treated was unaltered, and it was 
found that 15 minutes’ treatment with 1 m or 0-1 m Ba(OH), formalin at 20° C. 
removed all isotope from the cells. Formalin alone did not appear to remove 
any 8%. 

"it had to be ascertained whether the effect of Ba(OH), was a specific Ba effect 
or due to the alkaline pH. Slides subjected to distilled water alkalinised with 
NH, to pH 9-10 for 15 minutes at 20° C. did not show any loss of isotope. 

Treatment with 0-1 m BaCl, solutions for 15 minutes at 20° C. removed the 
isotope from the smears. BaCl, is an acid salt ; the 0-1 m solutions had a pH of 
between 4-0 and 5-0. It was noted that at this pH the isotope removal was not 
always complete. The shifting of the pH of the BaCl, solutions with NH, to about 
pH 9-0 resulted in a complete removal of the isotope. It was concluded there- 
fore that Ba salts form a water-soluble compound with the S* substance of the 
cells, an action similar to that with the chondroitin sulphates. 
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It should be remarked here that whenever the removal of the isotope from the 
cells was incomplete it was the eosinophil myelocytes which lost their activity 
last. This incidates that the binding of S* sulphate in the eosinophil cells is 
stronger than in the neutrophil series. 

(4) It has been suggested (Sylvén, 1941 ; Sylvén, 1945; Rubin and Howard, 
1950) that chondroitin sulphates give a metachromatic staining with toluidine 
blue. Repeated experiments with toluidine biue staining failed to show meta- 
chromasia in the myeloid cells. Since the relatively high uptake of S** sulphate 
indicated a fair concentration of the substance in the cells, the failure to stain 
metachromatically with toluidine blue suggested that the substance, although 
probably similar to, is not identical with the chondroitin sulphates. 

(5) Relatively high concentration of hyaluronidase (1-3 ampoules Rondase, 
Evans/3 ml. water) failed to show any effect on the isotope content of the cells 
when incubated at 37° C. for one hour or longer. It was concluded therefore 
that the S®* substance is not closely related to hyaluronic acids. 

(6) No parallelism could be detected between the behaviour of the S* sub- 
stance and those polysaccharides and other substances which give a positive Hotch- 
kiss reaction (periodic acid Schiff reagent). The results are presented in Table 
II. The Hotchkiss-positive substances are water-soluble when incubated with 


TaBLE II.—Both S* Sulphate Uptake and the Presence of 
Hotchkiss +-ve Substances are Specific for the Myeloid 
Cells, but :-— 
Hotchkiss + ve 
Treatment. S* sulphate. substances. 


Distilled water 1 hr. at 37° C. Not affected All removed. 
0-1 m Ba(OH), in 10 per cent formalin, 15’ at 20° C.. All removed. ° Not affected. 


distilled water at 37° C. for 1 hour, the S* substance was not. -Amylase removes 
all Hotchkiss-positive substances (fresh human saliva, 1 hour at 37° C.), but it 
did not affect the isotope content of the cells. And finally Ba(OH), treatment for 
15 minites did not remove the Hotchkiss-positive substances. It was not, there- 
fore, possible to identify the S* substance, with any of those polysaccharides 
and other compounds which give the positive Hotchkiss reaction. 

(7) In order to establish the relationship between the S* substances and the 
ribose nucleic acids of the cytoplasm, the effect on the S* content of the cells of 
procedures which decrease cytoplasmic basophilia was investigated. The results 
are summarised in Table ITI. 


TaBLe III.—Comparison between the Behaviour of the S* Substance 
and Cytoplasmic Basophilia. 

Cytoplasmic 

Treatment of cells. 8* activity. basophilia. 


‘9 per cent NaCl 1 hr. at 37°C. . ° ° Not affected 
‘9 per cent NaCl 2 hr. at 37°C. . . . About $ removed 


10 per cent perchloric acid 2 hr. at 20° C. > - ~ 
lw HCl 5’ at 60°C. ‘ 


Treatment with 0-9 per cent NaCl for 1 hour at 37° C. or for 2-3 hours at 20° 
C. removes most of the cytoplasmic basophilia as shown by subsequent staining 
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with Giemsa, but it did not affect the S* content of the cells. 10 per cent perchlor- 
ic acid for 2-3 hours at 20° C. also removes practically all cytoplasmic basophilia, 
but resulted in only a partial removal of the isotope. Hydrolysis with 1 n HCl 
for 5 minutes at 60° C. removes all cytoplasmic basophilia—but resulted also in 
only a partial removal of the isotope. Again it was observed that the eosinophil 
cells retained their original activity more than the neutrophil myelocytes. 

It was not possible, therefore, to establish any close relation of the S* sub- 
stance to the ribose nucleic acids of the cytoplasm. However, further experiments 
with specific enzymes (ribonuclease) are needed for confirmation. 


c. The uptake of methionine S*, 

At the beginning of the experiments it was considered to be unlikely that S* 
administered as sulphate to the culture medium would be transformed by the 
cells to SH groups. An enzyme system in liver, however, which can incorporate 
limited amounts of sulphide sulphur into cystine has been reported (Smythe and 
Halliday, 1942). To exclude the possibility of the administered sulphate S* 
being present in the SH groups of proteins, it was decided to investigate the uptake 
of an S* labelled SH group; in a series of 10 experiments 15-25 yc./ml. dl- 
methionine S** was iucorporated into the culture medium. The summary of the 
findings is presented in Table IV. Methionine S* uptake was not limited to the 


TaBLE IV.—Comparison between the Properties of S** Sulphate Uptake 
and Methionine S** Uptake. 


S* sulphate. Methionine S*, 
By myeloid cells only - By all types of bone marrow cells. 
Cytoplasm Nucleus and cytoplasm. 
Barbiturate . Inhibits uptake Does not affect uptake. 
0-1 m Ba(OH), or 0-1 m Removes all fromcells . Does not remove S®* from cells. 
BaC. 


nHCl . ° Ditto - Removes about of S* from cells. 


myeloid series of cells as was S* sulphate; nucleated red cells also showed a 
marked uptake (Fig. 4, 5), as have lymphocytes from the peripheral blood of 
patients with lymphocytic leukaemia. Barbiturate did not inhibit methionine 
S* uptake as it did the S* sulphate uptake. The isotope was not removed from 
the smears of the methionine S* cultures by barium salts ; and, finally, nN HCl 
hydrolysis for 15 minutes at 20° C. resulted in only a partial removal of the 
methionine S* activity in contrast to complete removal of the S* sulphate activity. 

It was concluded therefore that the S* substance is not present as protein 
sulphur in the cells. 


DISCUSSION. 


These experiments show that mammalian cells other than cartilage are capable 
of utilising sulphate sulphur, and that in human bone marrow this ability is a 
specific function of the myeloid series of cells. The sulphate utilisation of bean 
root cells as observed by Howard and Pelc (1951) is an entirely different function. 
In the bean root cells the sulphate sulphur, in some form, is incorporated into the 
nuclei and is probably associated with DNA protein. In human bone marrow 
cells the localisation of the isotope is almost exclusively cytoplasmic, as far as 
can be ascertained by high resolution autoradiography. 
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S*5 sulphate administered in vivo to rats has been shown to be taken up into 
the chondroitin sulphate of the growing cartilage (Dziewiatkowsky, Benesch and 
Benesch, 1949; Dziewiatkowsky, 1949; 195la, 19516, 1952). Irrespective of 
whether sulphate or sulphite S* compounds were given to rats in vivo, activity 
was found in the bone marrow by Singher and Marinelli (1945). This finding has 
been confirmed by Dziewiatkowsky (1949, 1952) using whole bone autoradiographs 
and it was thought not to be chondroitin sulphate, but to be inorganic sulphate 
sulphur which is precipitated by Ba(OH),. This sulphur after the first 30 minutes 
of administration, is incorporated into a more complex compound from which 
the sulphur is slowly removed. 

The S* substance in the myeloid cells of the bone marrow cultured in vitro 
is removed by barium salts. It is possible that the dose of S* sulphate given 
to the rats by Dziewiatkowsky was too small to be detectable in whole bone 
autoradiographs in the acid formalin fixed bones (5 jc./7-day-old rat in one series 
and 1-25 we./7-day-old-rat in the other series of experiments). 

At this stage of the work it is probably too speculative to attempt to correlate 
the specific S** sulphate uptake of the myeloid cells with the specific action of 
Myleran (1-4 dimethanesulphonyloxybutane) on the myeloid cells. The cyto- 
logical effects of Myleran on myelocytes of the rat suggest a cytoplasmic 
mechanism (Koller and Timmis, 1953, personal communication). 


SUMMARY. 


Cell suspensions of human bone marrows cultured in vitro show an uptake of 
S* sulphate from the culture medium. The S* sulphate uptake is limited to the 
myeloid series of cells; the lymphocytic and erythropoietic elements show no 
S* uptake. 

The isotope is localised in the cytoplasm of the myeloid cells in the form of an 
organic complex removable by barium salts. There is no evidence that it is 
chondroitin or mucoitin sulphate, although it is probably related to such structures. 
It is not in the SH groups of proteins. The observations suggest a hitherto 
unknown specific function of the myeloid series of cells. 


This work is part of an investigation carried out under a full grant from the 
British Empire Cancer Campaign. 
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SURVEY OF PAPERS. 


Stocks discusses the significance of the changes in the death rates from cancer of the 
uterus, breast and lung at different age groups which have occurred during the last thirty 


years (p. 283). 


Dott concludes that one in five of the lung cancer deaths which occurred in persons aged 
25 to 74 years, in 1950, may be attributable to causes other than smoking. Occupational 
hazards and the previous occurrence of certain respiratory diseases are thought unlikely to 
be of frequent aetiological importance (p. 303). 


MrrcHELt finds that the intravenous administration of Compound I (Synkavit) has a 
small but useful effect as a clinical radiosensitiser in the radiotherapy of inoperable cases of 
carcinoma of the bronchus (p. 313). 


MARCHANT and Orr report a series of experiments on mice involving the transplantation 
of carcinogen-treated epidermis, which suggest that both the epidermis and dermis (and 
possibly deeper structures) are involved in the carcinogenic action of methylcholanthrene 
(p. 329). 


SHuBIK, BasERGA and Rircuie have studied the fate and progression of 899 tumours 
induced in 100 mice painted repeatedly with 9,10-dimethyl-1,2-benzanthracene. They found 
the tumours to change from one growth rate to another, and from one morphological type to 
another, and that these two characters progressed independently of one another in the same 
tumour (p. 342). 


A. Peacock finds a higher incidence of mammary tumours in the female offspring of 
matings between CBA (low cancer strain) females and C3H (high cancer strain) males than 
in the CBA pure line. She discusses the possibility of the offspring havng been incidentally 


infected from the male parent (p. 352). 


BretscHowsky and Hatz find that thyroidectomy prior to the administration of 2-amino- 
fluorene and its acetyl derivatives to rats prevents the development of neoplasms of the liver, 
but that removal of the thyroid after administration of the carcinogens does not modify 
carcinogenesis. The neoplasms obtained in other organs of completely thyroidectomized 
rats are described (p. 358). 


Hewrrrt describes the preparation and titration of single-cell suspensions of mouse sarco- 
mata from solid and ascitic tumours. He also reports the results of a comparative study of 
the quantitative transplantation of S37 in mice displaying evidence of resistance to it, and of 
a C3H sarcoma in C3H mice giving conditions in which resistance phenomena are presumed 
to be absent (p. 367). 


HEwITT gives an account of the effect of age of host on the quantitative transplantation 
of 837 to mice of a strain, all the adults of which will grow palpable tumours from large 
inocula (p. 384). 


Howartson has made electron microscopical studies of extracts of normal tissues and of 
certain animal tumours. He discusses the difficulties of interpretation and emphasises the 
presence in tumour extracts of particulate material in the size range of the smaller animal 
viruses is no indication that the particles are in any way related to virus activity, unless it 
can be shown that there is a direct connection between the number of such typical particles 
and the biological activity of the extracts (p. 393). 


LasTHA, Exxis and OLIver find that S** sulphate uptake by cell suspensions of human 
bone marrows cultured in vitro is limited to the myeloid series of cells. The isotope is localised 
in the cytoplasm of the myeloid cells in the form of an organic complex removable by barium 
salts (p. 401). 
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